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Description 
TECHNICAL FIELD 

5 [0001 ] This invention relates to a semiconductor device, a process for rts liabrlcation. and a substrate for niounting a 
semiconductor chip used suitably in fabricating the semiconductor device, a process for its production, an adhesive, 
and a double-sided adhesive film. 

BACKGROUND AFTT 

10 

[0002] In recent years, with miniaturization of electronic instruments and with a trend toward high-frequency operat- 
ing, semiconductor packages to be mounted therein are required to package devices on a substrate in a high density. 
With progress of miniaturization and weight-saving, compact packages are being developed which are called micro- 
BGA (ball grid array) or CSP (chip-size package), external terminals of which are disposed in area anray at the lower 
15 part of a package. 

[0003] These packages employ a structure wherein chips are mounted on an organic substrate such as a glass epoxy 
substrate having a double-layer wiring structure or a polyimide substrate having a single-layer wiring structure, being 
mounted via an insulating adhesive, where chip-stde terminals and wiring-board-side terminals are connected by an 
inner bonding process such as wire bonding or TAB (tape automated bonding), their connecting areas and chip top sur- 
20 laces or perimeters are encapsulated with an epoxy type encapsulating material or an epoxy type liquid encapsulating 
material, and metallic terminals such as solder balls are disposed in area an^y on the back side surface of the wiring 
substrate. Then, these packages in plurality are one-time face-bonded on the sut>strate of an electronic instrument in a 
high density by solder reflowing. Such a metiiod is being employed. 

[0004] However, as an example of insulating adhesives used in these packages, an epoxy die-borKling material hav- 
25 ing a storage elastic modulus at 25''C of 3,000 MPa or above as measured with a dynamic viscoelastic spectrometer is 
used, and its connection reliability at solder-ball connected areas (the secondary side) after the packages are mounted 
on the substrate is so poor as to result in a poor reri€d3tlity on tenr^erature-cycle resistance. 

[0005] Moreover, in anotiier example, a liquid silicone elastomer having a storage elastic okxIuIus at 25'>C of 10 MPa 
or below is proposed as an insulating adhesive. It has a superior temperature-cycle resistance, but has a problem that 
30 it has a poor adhesion to the wiring substrate surface at the time of high temperature and a poor moisture-absorbed 
ref low resistance. 

[0006] Especially in respect of reffow resistance, in the kxsth examples, voids terKi to be included in the course of coat- 
ing a liquid insulating adhesive on the organic substrate, and faulty modes have been observed such that the voids 
serve as the starting point from which cracks develop or the organic substrate swells at the time of moisture-at3Sort>ed 
35 refbwing. 

[0007] With progress of electronic inst-uments. electronic component parts are mounted in a higher density, and bare 
chip packaging on printed-wiring boards is put fonward in expectation of a low cost. 

[0008] As semfoonductor chip packaging substrates, ceramic sut^strates of alumina or the like have been put into wide 
use. This is chiefly because, since semiconductor chips have a coefficient of thermal expansfon of as small as ak)out 4 
40 ppm/'^C, rt has been required to use a packaging substrate having a relatively small coefficient of thermal expansion so 
that connection reliability can be ensured, and also it has been r^uired to use a packaging sut>strate having a relatively 
high thermal conductivity so that the heat the semiconductor chips generate can be dissipated outside with ease. In the 
packaging of semiconductor chips on such a ceramic substrate, a liquid ^hesive is used which is typified by silver 
paste. 

45 [0009] Filmy adhesives are also used in flexible printed-wiring boards, and systems composed chiefly of acryfonitrile 
butadiene rubber are in wide use. 

[0010] In studies on materials relating to printed-wiring t)oards, those improved in soldering thermal resistance after 
moisture absorption include an adhesive containing an acrylic resin, an epoxy resin, a polyisocyanate and an inorganic 
filter as disclose in Japanese Patent Application Lakj-open (KOKAI) No. 60-243180, and an adhesive containing an 
so , acrylic resin, an epoxy resin, a compound having a urethane linkage in the molecule and both terminals being primary 
amine, and an inorganic filler as disclosed in Japanese Patent Application Laid-open (KOKAI) No. 61-138680. These, 
however, have caused a great deterioration unsatisfactorily when tested on moisture resistance under severe condi- 
tions as in PCT (pressure cooker test) treatment. 

[0011] The use of silver paste adhesives in tiie packaging of semiconductor chips on the ceramic substrate has had 
55 problems that the silver is not dispersed uniformly K>ecause of sedimentation of silver fillers, care must te taken for the 
storage stability of paste, and the operak)ility of semiconductor chip packaging is inferior to LOC (lead-on chip). 
[0012] The filmy adhesives, though they employ systenre composed chiefly of acryloniti'ile butadiene rubber are in 
wide use. have disadvantages tiiat they may cause a great lowering of adhesion after treatment for a long time at a high 
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temperature and have a poor electrolytic corrosion resistance. In particular, they have caused a great deterioration 
when tested on moisture resistance under severe conditions as in PCT treatment or the like used in an evaluation for 
reliability of a part associated with semiconductor. 

[0013] Those disclosed in Japanese Patent Applications Laid-open (KOKAI) No. 60-243180 and No. 61-138680 have 
5 caused a great deterioration unsatisfactorily when tested on moisture resistance under severe conditions as in PCT 
treatment or tiie like. 

[001 4] These adhesives as materials relating to printed^ring boards have not been usable because, when semicon- 
ductor chips are packaged on a printed-wiring board by the use of any of them, they have so great a difference in coef- 
ficient of thermal expansion between the semiconductor chips and the printed-wiring board as to cause cracks at the 
10 time of refflcwing. They also have not been usable because of a great deterioration occurring when tested on moisture 
resistance under severe conditions as in temperature-cycle testing, PCT ti^eatment or the like. 

DISCLOSURE OF THE INVENTION 

IS [0015] The present Invention intends to provide an acffiesive and an adhesive film which have thermal resistance, 
electrolytic corrosion resistance and moisture resistance required when semiconductor chips having a great difference 
in coefficient of thermal expansion are packaged on printed-wiring tsoards such as glass epoxy substrates or flexible 
substrates, and especially may less cause a deterioration when tested on moisture resistance under severe conditions 
as in PCT treatment or the like, and provides a semiconductor devk^e in which a semiconductor chip has been bonded 

20 to a wiring board by tiie use of such an ^hesive film. 

[0016] TTie present invention also intends to provide, in a semiconductor device comprising an organic supporting 
sut)strate, a serntconductor chip mounted on the substrate via an adhesive and external terminals arranged in area 
array on the back of the sukiskrate, a semiconductor device that can improve temperature-cycle resistance after pack- 
aging and also can improve moisture-absorbed reflow resistance, a process for fabricating such a semicorKluctor 

25 device, a semicor^ductor chip mounting sul^strate used suitatriy for fak>rk:ating the semiconductor d6vk:e. a process for 
producing such a substrate, and also provides an adhesive and a double-sided adhesive film. 

[001 7] The semiconductc^ device of the present invention is a semiconductor device comprising an organic support- 
ing substrate and a semiconductor chip mounted on the sut^strate via an adhesive memt^er. in which wiring has been 
formed on the organic supporting substrate on its side on which the semiconductor chip is mounted, external connect- 
so ing terminals have been formed in area anray on the organic supporting suk)strate on its side opposite to the side on 
which the semiconductor chip is mounted, the wiring is connected with semiconductor chip terminals and the external 
connecting terminals, at least areas where the semiconductor chip terminal and the wiring are connected are encapsu- 
lated with a resin, and the adhesive member has a layer of an adhesive, and is characterized in that the adhesive has 
a storage elastic modulus at 25**C of from 1 0 to 2,000 MPa and a storage elastic modulus at 260''C of from 3 to 50 MPa 
35 as measured with a dynamic visooelastic spectrometer. 

[0018] The substrate for mounting the semioonductor chip of the present invention is a semiconductor chip mounting 
substrate comprising an organic substrate on which a semiooncfcjctor chip will be mounted via an adhesive member, in 
which wiring has been formed on the organk: substrate on at least one of the side for mounting the semiconductor chip 
arKi the skJe opposite to the side for mounting the semiconductor chip, external connecting terminals are formed in area 
40 array on the organic substrate on its skle opposite to the SKle for mounting the semiconductor chip, and the adhesive 
memt^er has a layer of an adhesive, and is characterized in that a cured product of the adhesive has a storage elastic 
modulus at 25''C of from 10 to 2.000 MPa and a storage elastic modulus at 260''C of from 3 to 50 MPa as measure 
with a dynamic viscoelastU; spectrometer; the adhesive member being formed at a prescribed place on the organic sub- 
strate in a prescribed size. 

45 [001 9] The process for proc&icing the substrate according to the present invention for mounting the senvconductor 
chip comprises the step of thermocompression-bonding to a substrate an adhesive member film cut in a prescribed 
size; the sut)strate is an organic substrate on which wiring has been formed on at least one of tiie side on which semi- 
conductor chip will be and the side opposite to the side on which tiie semiconductor chip will be and external connecting 
terminals are formed in area array on its side opposite to the skJe on wtiich the semiconductor chip will be. and the 

so adhesive member film is an adhesive member having a layer of an adhesive comprising as a cur^ product thereof a 
storage dastic modulus at 25**C of from 10 to 2,000 MPa and a storage elastic modulus at 260°C of from 3 to 60 MPa 
as measured with a dynamic viscoelastu: spectrometer; the adhesive t>eing in such a semi-cured state that its heat has 
been released by 1 0 to 40% of the total curing catorific value as measured with a DSC (differential scanning calorime- 
ter). 

55 [0020] The process for fabricating a semk^onductor device according to tiie present invention comprises the steps of; 

bonding to a semiconductor mounting sut>strate an adhesive member; the semiconductor mounting sut)strate is an 
organic substrate on which wiring has been formed on at least one of the skle for mounting a semioonductor chip 



3 



EP 0 959 498 



and the side opposite to the side for mounting the semiconductor chip and external connecting terminals are 
formed in area anray on its side opposite to the side tor mounting the semiconductor chips are mounted, and the 
adhesive member having an adhesive layer having as a cured product thereof a storage elastic modulus at 25**C 
of from 10 to 2.000 MPa and a storage elastic modulus at aeo^'C of from 3 to 50 MPa as measured with a dynamic 
5 viscoelastic spectrometer; 

mounting the semiconductor chip via the adhesive member; 

connecting the wiring to semiconductor chip terminals and the external connecting terminals; and 
encapsulating with a resin at least areas where tiie semiconductor cNp terminals and the wiring are connected. 

10 [0021 ] The adhesive of tiie present invention has any of the following composition A to D. 

A. An adhesive comprising (1 ) 1 00 parts by weight of an epoxy resin and its curing agent inclusive, and based tiier- 
eon (2) from 100 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% 
t>y weight of glycidyl (metii)acrylate and having a Tg (glass transition temperature) of -10°C or above and a weight- 
's average molecular weigtit of 800,000 or more and (3) from 0.1 to 5 parts by weight of a curing acceleratcr. 

B. An adhesive comprising (1) 100 parts by weight of an epoxy resin and its curing agent inclusive, and based tiier- 
eon (2) from 10 to 40 parts by weight of a high-molecular^eight resin compatible with the epoxy resin and having 
a weight-average molecular weight of 30,000 or more. (3) from 100 to 300 parts by weight of an epoxy-group-con- 
taining acrylic copolymer containing from 2 to 6% by weight of glycidyl (meth)acrylate arxl having a Tg (glass tran- 

20 sition temperature) of -lO^'C or above and a weight-average molecular weight of 800.000 or more and (4) from 0.1 
to 5 parts by weight of a curing accelerator. 

C. An adhesive comprising (1) 100 parts weight of an epoxy resin and a phenol resin inclusive, and based tiier- 
eon (2) from 100 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% 
by weight of glycidyl (meth)acrylate and having a Tg of -lO'^C or above and a weight-average molecular weight of 

25 800,000 or more and (3) from 0. 1 to 5 parts by weight of a curing accelerator. 

D. An adhesive comprising (1) 100 parts by weight of an epoxy resin and a phenol resin inclusive, and based ther- 
eon (2) from 10 to 40 parts by weight of a phenoxy resin, (3) from 100 to 300 parts by weight of an epoxy-group- 
containing acrylic copolymer containing from 2 to 8% by weight of glycidyl (meth)acrylate and having a Tg of -lO'^C 
or atx3ve and a weight-average molecular weight of 800.000 or more and (4) from 0. 1 to 5 parts by weight of a cur- 

30 ing accelerator. 

The double-skied adhesive film of the present invention has any of the following sti-ucture E to H. 

E. A double-sided adhesive film of triple-layer structure comprising a heat-resistant thermoplastic film used as a 
core material, and having on both sides of the core material an adhesive comprising (1) 100 parts by weight of an 
epoxy resin and its curing agent inclusive, and k)ased thereon (2) from 1 00 to 300 parts by weight of an epoxy- 

35 group-containing acrylic copolymer containing from 2 to 6% by weight of glycidyl (metii)acrylate and having a Tg 
(glass transition temperature) of -lO^'C or akx^ve and a weight-average molecular weight of 800.000 or more and 
(3) from 0.1 to 5 parts by weight of a curing accelerator. 

F. A double-sided adhesive film of triple-layer structure comprising a heat-resistant thermoplastic film us^ as a 
core material, and having on both sides of the core material an adhesive comprising (1) 1 00 parts by weight of an 

40 epoxy resin and its curing agent inclusive, and based tiiereon (2) from 1 0 to 40 parts by weight of a high-molecular- 
weight resin compatible with the epoxy resin and having a weight-average molecular weight of 30,000 or more. (3) 
from 100 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% by weight 
of glycidyl (meth)acrylate and having a Tg (glass transition temperature) of -lO^'C or above and a weight-average 
molecular weight of 800.000 or more and (4) from 0. 1 to 5 parts by weight of a ciffing accelerator. 

45 Q. A double-sided adhesive fDm of triple-layer structure comprising a heat-resistant thermoplastic film used as a 
core material, and having on t)oth sides of the core material an adhesive comprising (1) 100 parts by weight of an 
epoxy resin and a phenol resin inclusive, and base6 thereon (2) from 100 to 300 parts by weight of an ^xy-group- 
containing acrylic copolymer containing from 2 to 8% by weight of glycidyl (meth)acrylate and having a Tg of -lO'^C 
or atx>ve and a weight-average molecular weight of 800.000 or more and (3) from 0. 1 to 5 parts by weight of a cur- 

50 ing accelerator. 

H. A double-sided adhesive film of ti-iple-layer structure comprising a heat-resistant thermoplastic film us^ as a 
core material, and having on both sides of the core material an adhesive comprising (1) 100 parts by weight of an 
epoxy resin and a phenol resin inclusive, and based thereon (2) from 10 to 40 parts k)y weight of a phenoxy resin, 
(3) from 100 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% by 
55 weight of glycidyl (meth)acrylate and having a Tg of -lO'^C or akx>ve and a weight-average molecular weight of 
800.000 or more and (4) from 0. 1 to 5 parts by weight of a curing accelerator. 

[0022] In the semiconductor device of the present inventfon. the wiring can be connected directiy to the semiconductor 
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chip terminals by an inner bonding process such as wire bonding or TAB (tape automated bonding). 
[0023] In the semiconductor device of the present invention, the adhesive member may preferably be in the form of a 
film. The adhesive member has an adhesive layer, and the adhesive used may have a resin component comprising an 
epoxy resin, an epoxy-group-containing acrylic copolymer, an ^xy resin curing agent and an epoxy resin curing 
5 accelerator. 

[0024] The adhesive member may comprise a heat-resistant thermoplastic film used as a core material, having a 
glass transition temperature of 200''C or above, such as a polyimide, polyether sutfone. poiyamtdeHmide or polyether- 
imide film. It may preferably have a structure wherein the adhesive layer is formed on both sides of the core material A 
liquid-crystal polymer film may also be used as the heat-resistant thermoplastic film. The adhesive layer may preferably 

10 have a residual solvent content not more than 5% by weight. 

[0025] In the substrate of the present invention for mounting the semiconductor chip, the adhesive member may pref- 
erably be in the form of a film. The adhesive member has an adhesive layer, and the adhesive used may have a resin 
component comprising an epoxy resin, an epoxy-group<ontaining acrylic copolymer, an epoxy resin curing agent arKi 
an epoxy resin curing accelerator. 

IS [0026] The adhesive member may comprise a heat-resistant thernfioplastic film used as a core material, having a 
glass transition temperature of 20^0 or above, such as a polyimide, polyether sulfbne. polyamide-imide or polyether- 
imide film. It may preferably have a structure wherein the adhesive layer is formed on both sides of the core material. A 
liquid-crystal polymer film may also be used as the heat-resistant thermoplastic film. The adhesive layer may preferably 
have a residual solvent content not more than 5% by weight. 

20 [0027] As the adhesive member formed at a prescribed place on the organic substrate, a film may be used which has 
been punched with a punching die in a prescribed size. TTie adhesive member formed at the prescribed place on the 
organic substrcrte may be a film being an adhesive member comprisirrg an adhesive of which is in such a semi-cured 
state that its heat has been released by 10 to 40% of the total curing calorific value as measured with a DSC. It may be 
thermocompression-bonded to the organic substrate after being cut in a prescribe size. 

25 [0028] In the process for producing the sufc>strate for mounting a semiconductor chip according to the present inven- 
tion, the adhesive member film cut into film pieces is positioned precisely for each piece and thereafter tx>nded provi- 
sionally by hot pressing, and the adhesive member film pieces arranged in plurality are placed on a multi-framed 
organic substrate and thereafter pressed using a heated release surface-treated moid, thus they can be one-time 
bonded. The release surface-treated mold may preferably comprise a surface release material conrprised of at least 

30 one of Teflon and silicone. Before the step of cutting the adhesive member film, at least one step may be added which 
is the step of static elimination to eliminate static electricity generated at the time of transport of the adhesive member 
film. 

[0029] In the process for fabricating a semiconductor device according to the present invention, the semiconductor 
chip mounting substrate may be heated on both sides of the bottom side and the semiconductor chip side, and the heat- 

36 ing temperature may be made higher at least on the semiconductor chip side. 

[0030] In the adhesive of the present invention, the adhesive may preferably be used in such a state that its heat has 
been released by 10 to 40% of the total curing caforific value as measured with a DSC. It may preferably have as a 
cured product thereof a storage elastic modulus €rt 25**C of from 10 to 2.000 MPa and a storage elastic modulus at 
260*'C of from 3 to 50 MPa as measured with a dynamic viscoelastic spectrometer. 

40 [0031] An inorganic filter may be us^ therein in an amount of from 2 to 20 parts by volume based on 100 parts by 
volume of the adhesive resin component. The inorganic filler may preferably be alumina or silica. 
[0032] The adhesive may be provided on a base film to obtain an adhesive film. Using this adhesive film, the semi- 
conductor chips may be bonded to the wiring tx>ard to obtain a semiconductor device. 

[0033] In the dout)le-sid^ adhesive film of the present invention, the adhesive may preferably be used in such a state 
45 that its heat has been released by 10 to 40% of the total curing calorific value as measure with a DSC. It may prefer- 
ably have as a cured product thereof a storage elastic modulus at 25''C of from 10 to 2.000 MPa and a storage elastic 
modulus at 260**C of from 3 to 50 MPa as measured with a dynamic viscoelastic spectrometer An inorganic filler may 
be used in an amount of from 2 to 20 parts by volume based on 1 00 parts by volume of the adhesive resin component. 
The inorganic filler may preferably be alumina or silica. 
50 [0034] The heat-resistant thermoplastic film used as a core material may preferably have a glass transition tempera- 
ture of 200''C or above. Such a heat-resistant thermoplastic film having a glass transition temperature of 200*'C or 
above may preferably be a polyimide. polyether sulfone, polyamide-imide or polyether-imide film. A liquid-crystal poly- 
mer film may also be used as the heat-resistant thermoplastic film for a core material. 

[0035] In order to solve the problems discussed in relation to the prior art. first a semiconductor package in which 
55 semiconductor chips were nfK>unt6d on an organic wiring substrate via an insulating adhesive, semiconductor chip ter- 
minals and wiring substrate side terminals were connected by gold wire tx)nding and solder t>all external terminals were 
arranged in area array on the back of the sufc>strate, was examined by REM elastoplastic analysis, on the relationship 
between physical properties of the insulating adhesive used therein and temperature-cycle resistance after mother 
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board packaging. 

[0036] As the result, the stress asaibable to a difference between the CTE (coefficient of linear thermal expansion; 
3.5 ppm) of chips and the CTE (14 to 18 ppm) of mother board and applied to the solder ball external terminal areas of 
the substrate was found to decrease with a deaease in the modulus of elasticity E of the insulating adhesive and that. 
5 so long as the modulus of elasticity E as measured wHh a dynanrnc viscoelastic spectr om e ter was 2.000 MPa or below, 
and preferably 1 .000 MPa or below, the corresporKling stress of solder terminals at the outermost perimiters was suffi- 
ciently small and the package had a fetigue life of 1 .000 cycles or more at a temperature cycle of from -SS^'C to ^25''C 
even according to the Coffin-Manson law. 

[0037] On the other hand, conventional epoxy type die bonding materials had a modulus of elasticity E of 3,000'MPa 

10 or above, and were found to have a problem on the reliability of temperature-cycle resistance of sokder balls. 

[0038] Meanwhile, if the insulating adhesive is made to have a modulus of elasticity E of 10 MPa or below which is 
substantially that of silicone elastomers, its modulus of elasticity E becomes so small as to exceed the measurement 
limit at the upper limit temperature 260*^0 of reflow temperature to come to fall in the regk)n where it no tonger has the 
function as a strength member, so that the adhesion between the substrate surfcice and the silicon chips can no longer 

IS be expected to be maintained. The temperature dependence of adhesive strength under shear shows the same ten- 
dency as the temperature dependence of modulus of elasticity, and decreases with a rise of temperature. More specif- 
ically, no adhesive strength under shear can be expected unless the adhesive has a modulus of elasticity E of at least 
3 MPa at the reflow temperature 260''C. Any separation occurring at its interface with the chips or substrate at the reflow 
temperature 260''C leads to a fault of gold wire breakage or a fault of con'osion wire breakage in a temperature-cycle 

20 resistance test or a moisture resistance test respectively, which are carried out later. 

[0039] Thus, as the insulating adhesive (an adhesive cured product) used to mount a chip on the organk; wiring 8uk>- 
strate. the use of an adhesive having a nrradulus of elasticity at normal temperature within the range of from 10 to 2,000 
MPa, preferably from 50 to 1 ,500 MPa. and nfK>st preferably from 100 to 1 .000 MPa, and a nmlulus of elasticity at reflow 
temperature 260*'C within the range of from 3 to 50 MPa has been found to be conditk>ned on satisfactory temperature- 

25 cyde resistance and moisture-ak>sort>ed reflow resistance. 

[0040] Investigation of various types of thermosetting resins having such a temperature dependerx:e of modulus of 
elasticity has revealed that an epoxy-group-containing acrylic copolymer is a preferak)le adhesive that can materialize 
the physical properties within that range. 

[0041] An additional fedor causative of deterioration of moisture-at^sort^ed reflow resistarx^e is the occurrence of 
30 voids at the interface between the organic wiring substrate and the insulating adhesive. In usual systems in whk:h a Ik)- 
uKl thermosetting adhesive is coated dropwise in a small quantity, voids tend to be included to cause cracks at the time 
of moisture-absorbed ref lowing or make the substrate swell. 

[0042] Accordingly, the above epoxy-group-containing acrylic copolymer is formed into a film, and an adhesive film 
dried to have a resk^ual solvent content not nrx^re than 5%. and preferably not more than 2%. and also brought into a B- 
35 stage cured state by 10 to 40% of the total curing calorific value as measured with a DSC (differential scanning calo- 
rimeter) is cut into a prescribed size, and then stuck onto the organic wiring 8ut)strate by hot pressing to obtain a sem- 
iconductor mounting substrate. 

[0043] Thereafter, a chip is mounted and thermocompression-bonded. fblkswed by the step of wire bonding and the 
step of encapsulating to obtain a package finished product. 

40 [0044] The package thus obtained may hardly cause gaps or voids at the interface between the chip and the suk>- 
strate. It has been found that the gaps can be made much less occur at the interface between the chip and the substrate 
when heat is applied on both skJes. i.e.. not only on the semiconductor mounting sul^strate side but also on the chip 
skle. so that the resin fills the space between wiring areas on the sut3Strate suffidentiy to bring about an improvement 
in moisture-alDsortied relkaw resistance. It has also been found that the above adhesive film may be controlled to have 

45 a residual solvent content not more than 5%. and preferably not more than 2%. whereby no bubbles may occur in the 
course of curing of the adhesive film to cause no kywering of motsture-absort>ed ref tow resistance. 
[0045] Application of the adhesive film having the above physical properties can be operative and effective alike not 
only for semiconductor packages in which terminals on the chip side and terminals on the wiring sut>strate side are con- 
nected fciy gokj wire bonding and extemal terminals are annnged in area array on the back of the substrate, but also for 

50 packages in which terminals on the chip side and terminals on the wiring substrate SKle are connected by an inner 
bonding process such as TAB (tape automated bortding) (i.e.. packages of a system in which terminals on the chip sMe 
and terminals on the wiring substrate side are connected directly). Thus, it satisfies k)Oth the temperature-cycle resist- 
ance and the moisture-at)6ort3ed reflow resistance of ail area-array packages having the structure wherein semiconduc- 
tor chips are bonded to an organic wiring substrate via an adhesive. The external connecting terminals are arranged in 

55 area array, i.e., an-anged in a lattice over the whole area, or in a line or lines at peripheral areas, on the back of the suk>- 
strate. 

[0046] The organic wiring substrate may be any of FR-4 sutistrates such as a BT (bismaleimide) substrate and a glass 
epoxy substrate, and a polyimide film suk)strate. without limitations on substrate material. Also, the above adhesive film 
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may be formed of a thermosetting adhesive havirig the above physical properties. It may also have a triple-layer struc- 
ture comprising a polyimide film coated with the adhesive on its both sides. Ttiis has been found to be operative and 
effective like the above. 

[0047] As a method of kx)nding the adhesive film to the organic wiring substrate, the adhesive film may be cut into 
5 given shapes, and film pieces obtained K^y cutting are positioned precisely and thermocompression-bonded to the 
organic wiring substrate. 

[0048] The adhesive film may be cut by any methods so long as they are methods by which the film can be cut into 
given shapes. Taldng account of operability and attachment, it is prefer^le for the adhesive film to be cut with a punch- 
ing die, and thereafter compression-bonded provisionally, or compression-bonded mainly, to the organic wiring sub- 
to strate. 

[0049] The adhesive film thus cut is thermocompression-bonded to the organic wiring substrate by a method in which 
the adhesive film Is cut into film pieces, which are thereafter attracted to a pressing member by suction to make precise 
registration, and then compression-bonded provisionally onto the organic wiring substrate, followed by main compres- 
sion bofKling k}y hot pressing, or a method in which the adhesive film is put to punching with a punching die and there- 
15 after the punched film pieces are compression-bonded provisionally, followed by main compression bonding by hot 
pressing. When the punching die is used, another method is available in which tapes punched out with the punching 
die are put to main compression bonding as they are. 

[0050] There are no particular limitations on corKlitions for the provisional compression bonding so long as adhesive 
tapes punched out can be tx>nded to the organic wiring substrate. 

20 [0051 ] At the time of main compression bonding, the adhesive film may preferably be compression-bonded at a tem- 
perature of from 30 to 256''C, and more preferably from 70 to ISO^'C. At a compression bonding temperature below 
30**C. the adhesive film may have so high a nxxMus of elasticity that not only the adhesive have a fow adhesion but 
also undesirably the adhesive can not well fill the space around the wiring. At an adhesion tenrperature above 250''C. 
the wiring may be oxidized and the organic wiring substrate may become soft. This is undesirakde in view of operability. 

25 [0052] The main conpression t>onding may preferably be carried out at a pressure of from 1 to 20 kg/cm^, and more 
preferably from 3 to 10 kg/cm^. At a compression bonding pressure below 1 kg/cm^. the adhesive film may have a poor 
adhesion and can not well fill the space around the wiring. At a pressure above 20 kg/cm^. the adhesive may protrude 
out of the preset position to make the dimensional precision of the adhesive poor. 

[0053] The main compression bonding may be carried out for any time during which the film can be bonded at the 
30 above compressfon bonding temperature and compression bonding time. Taking account of operability, it ma^ prefera- 
bly be canried out for 0.3 to 60 seconds, and more preferably 0.5 to 10 seconds. 

[0054] A hot press used for the main compression bonding may preferably be surface-treated with a release agent so 
that the adhesive does not adhere to the press surface. In particular, tfiose treated with Teflon or silicone are preferred 
in view of release properties and operability. 

35 [0055] The epoxy resin used in the present invention may be any of those capable of curing to exhibit adhesive action. 
Preferably usable are epoxy resins of bifunctfonal or more having a molecular weight of less than 5.000, and more pref- 
erably less than 3,000. In partk:ular. a lk:|uid bisphenol A or bisphenol B resin having a molecular weight of 500 or less 
m^ be used. This is preferable because the fluidity at the time of laminatfon can be improved. The Ikiuid bisphenol A 
or bisphenol B resin having a molecular weight of 500 or less is commercially available from Yuka Shell Epoxy K.K. 

40 under trade names EPIKOTE 807, EPIKOTE 827 and EPIKOTE 828. It is also commercially available from Dow Chem- 
ical Japan Ltd. under trade names D.E.R.330, D.E.R.331 and D.E.R.361. It is still also commercially available from 
Tohto Kasei Co.. Ltd. under trade names YD128 and YDF170. 

[0056] As the epoxy resin, a polyfunctional epoxy resin may also additionally be us^ for the purpose of making Tg 
(glass transition temperature) higher. Such a polyfunctional epoxy resin is exemplified by a phenol novolak epoxy resin 

45 and a cresol novolak epoxy resin. 

[0057] The phenol novolak epoxy resin is commercially available from Nippon Kayaku Co., Ltd. under a trade name 
EPPN-201. Also, the cresol novolak epoxy resin is commercially avaitat)le from Sumitomo Chemical Co., Ltd. under 
trade names ESCN-001 and ESCN-195. and is also commercially availat)le from Nippon Kayaku Co., Ltd. under trade 
names EOCN1012, EOCN1025 and EOCN1027. As the epoxy resin, also usaUe are brominated epoxy resins, bromi- 

50 nated bisphenol novolak epoxy resins (e.g., trade name: ESB-400; available from Sumitomo Chemical Co., Ltd.) and 
brominated phenol novolak epoxy resins (eg., trade name: BREN-105. BREN-S: available from Nippon Kayaku Co.. 
Ltd.). 

[G058] As the curing agent for the epoxy resin, those conventionally used as curing agents tor epoxy resins may be 
used, whfoh may include amines, polyamides. ackl anhydrides, polysulfides, trif luoroboron. and bisphenol A, bisphenol 
55 F and bisphenol S whfoh are compounds having at least two phenolic hydroxyl groups in one molecule. In particular, 
phenol novolak resin, bisphenol novolak resin or cresol novolak resin which is phenol resin may preferably be used 
because of its superior electrolytic corrosion resistance at the time of moisture absorption. 

[0059] Such curing agents considered preferable are commercially available from Dainippon Ink & Chemicals, Inc. 



7 



£P0 959^98A1 



under trade names PHENORITE LF2882, PHENORITE LF2822, PHENORITE TD-2090. PHENORITE TD-2149. PHE- 
NORITE VH4150 and PHENORITE VH4170. As the curing agent, a bromophenol compound tetrabromobisphenol A 
(trade name: FIREGUARD FG-2000; available from Teijin Chemicals Ltd.) may also be used. 
[OOSO] A curing accelerator may preferably be used in combination with the curing agent. As the curing accelerator. 
5 it is preferable to use imidazoles of various types. The imidazole may \nc\ude 2-methylimidazole, 2-ethyl-4-methylimi- 
dazole. 1-cyanoethyl-2-phenylimidazole and l-cyanoethyl-2-phenylimidazoliumtrimellrtate. 

[0081] The Imidazoles are commercially available from Shikolai Chemicals Corp. under trade names 2E4MZ, 2PZ- 
CN and 2PZ-CNS. 

[0032] The high-molecular-weight resin compatible with the epoxy resin and having a weight-average molecular 

10 weight of 30,000 or more may include phenoxy resins, high-molecular-weight epoxy resins, ultrahigh-molecular-weight 
epoxy resins, functional -group-containing rubbers with a great polarity and functional-group-containing reactive rubbers 
with a great polarity. This resin must have a weight-average molecular weight of 30,000 or nrtore in oider to make the 
adhesive less tacky at the B-stage and improve flexibility at the time of curing. The functional-group-containing rutsbers 
with a great polarity may include rubbers obtained by adding a greatly polar functional group such as a cartx>xyl group 

IS to acrylic rubber. Here, what is meant by *'compatifc>le with the epoxy resin" is to have the property to form a homogene- 
ous intimate mixture without separation from the epoxy resin into two or more phases after curing. 
[00S3] The phenoxy resins are commercially available from Tohto Kasei Co., Ltd. under trade names PHENOTOHTO 
YP-40. PHENOTOHTO YP-50 and PHENOTOHTO YP-60. The high-molecular-weight epoxy resins inclLKle high- 
mol^ular-weight epoxy resins having a molecular weight of from 300.000 to 800.000 and also uttraNgh-motecular- 

20 weight epoxy resins having a molecular weight of more than 800.000 (see Japanese Patent Puplications (KOKOKU) 
No. 7-59617, Na 7-5S818, No. 7-59619. No. 7-59820, No. 7-64911 and No. 7-68327), all being products of Hitachi 
Chemical Co., Ltd. As the functional-group-containing reactive rubbers with a great polarity, cattxncyl-group-containing 
acrylic rubber Is commercially available from Teikoku Kagaku Sangyo Co.. Ltd. under a trade name HTR-860R 
[O0S4] The high-molecular-weight resin compatii^le with the epoxy resin and having a weight-average molecular 

25 weight of 30,000 or more t>e added in an amount of 1 0 parts by weight or more in order to prevent shortage of flexibility 
of the phase composed chiefly of epoxy resin (hereinafter "epoxy resin phase"), decrease in tackiness and lowering of 
insulating properties because of cracks, and 40 parts by weight or less in order to prevent the epoxy r^in phase having 
a low Tg. 

[00S5] As the epoxy-gproup-containing acrylic copolymer containing from 2 to 6% by weight of glyctdyl (meth)aaylat6 
30 and having a Tg of -10**C or above and a weight-average molecular weight of 800,000 or more, HTR^860P-3. trade 
name, commercially available from Teikoku Kagaku Sangyo Co., Ltd. may be used. Use of a carboxylic acid type acrylic 
acid or a hydroxyl group type hydroxymethyl (meth)acrylate as a functional-group monomer is not preferable because 
cross-linking reaction tends to proceed to cause prot)lems of gelling in the state of a varnish and towering of adhesion 
due to a high degree of curing when standing in the B-stage. Also, the glycidyl (meth)acrylate used as a functional- 
35 group monomer may t)e in an anrtount of from 2 to 6% by weight in copolymer ratio, it be in an amourrt not less than 2% 
by weight in order to attain an adhesion (adhesive power), and in an amount not more than 6% by weight in order to 
prevent the rut)ber from gelling. The rennainder may be comprised of ethyl (meth)acrylate or butyl (meth)acrylate or a 
mixture of the both, the mixing ratio of which is determined taking account of the Tg of the copolymer. If the copolymer 
has a.Tg below -lO^'C. the adhesive film standing in the B-stage may have a high tackiness to make its handling prop- 
40 erties poor, and hence the Tg t>e -1 O^'C or above. Polymerization may be carried out by a process including peari polym- 
erization and solution polymerization. Thus, the present copolymer can be olstained. 

[00S6] The epoxy-group-containing acrylic copolymer is required to have a weight-average molecular weight of 
800.000 or more, within the range of which the product can less have a low strength or flexibility and a high tackiness 
when formed in sheets or films. 

45 [00S7] The epoxy-group-containing acrylic copolymer is required to be added in an amount not less than 100 parts 
by weight in order to prevent films from having a low strength or a high tackiness, and not nrtore than 300 parts by weight 
because the addition of epoxy-group-containing acrylic rubber in a larger quantity makes the phase of rut)t>er compo- 
nents more and the epoxy resin phase fewer to cause a lowering of handling properties at high temperature. 
[0OS8] The adhesive may be compound^ with a coupling agent in order to improve irrterfacial bonding between dif- 

50 ferent materials. Such a coupling agent may preferat)ly be a silane coupling agent. 

[0OS9] The silane coupling agent may include y-glycydoxypropyltrimethoxystlane. y-mercaptopropyltrimethoxysilane, 
y-aminopropyltriethoxysilane. r-ur^opropyltriethoxysilane and N-p-aminoethyl-Y-aminopropyttrimethoxysilane. 
[0070] The above silane coupling agent is commercially available from Nippon Unicar Co.. Ltd. under trade names 
NUC A-187 for y-glycydoxypropyttrimethoxysilane. NUC A-189 for y-mercaptopro|:yltrimethoxysilane, NUC A-1 100 for 

55 y-aminopropyltriethoxysilane. NUC A-1 160 for y-ureidopropyltriethoxysilane, and NUC A-1120 for N-p-aminoethyl-y- 
aminopropyltrimethoxysilane, any of which may preferak)ly be us^. 

[0071] The coupling agent may preferably be compounded in an amount of from 0.1 to 10 parts by weight teased on 
1 00 parts by weight of the resin in view of the effect attributable to its addition and in view of thermal resistance and cost. 
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[0072] An ion entrapping agent may also be compound^ in order to absorb ionic impurities to improve insulation reli- 
ability at the time of moisture absorption. Such an ion entrapping agent may preferably be compounded in an amount 
of from 5 to 1 0 parts by weight in view of the effect attributable to its addition and in view of thermal resistance and cost. 
The ion entrapping agent may include compounds known as copper-pollution preventive agents used to prevent copper 
5 from ionizing to dissolve out. For example, a triazine thiol conrpound or a bi^henol type reducing agent may be com- 
pounded. The bisphenol type reducing agent may Include 2,2*-methylene-bis-(4-methyl-6-tertiary-butylphenol) and 4.4'- 
thio-bis-(3-methyl-6-tertiary-butytphenoO. 

[0073] The copper iX)llutton preventive agent comprised of the triazine thiol compound is commercially availat)le from 
Sankyo Seiyaku K.K. under a trade name ZISNET DB. The copper-pollution preventive agent comprised of the bisphe- 
10 nol type reducing agent is commercially available from YoshitomI Pharmaceutical Industrial Co., Ltd. under a trade 
name YOSHINOXBB. 

[0074] For the purposes of improving handling properties arKl thernnal conductivity of the adhesive imparting flame 
retardance. adjusting melt viscosity, imparting thixotrcpic properties and improving surface hardness, an inorganic filler 
may preferably be further conpounded in an amount of from 2 to 20 parts by volume t>ased on 100 parts t>y volume of 
IS the adhesive resin component. It is compounded In an amount not less than 2 parts by vdume In view of the effect of 
its addition, and in an amount not more than 20 parts by volume because its addition in a larger quantity may cause an 
increase in storage elastic modulus of the adhesive, a lowering of adhesion thereof and a lowering of electrical proper- 
ties due to voids remaining therein. 

[0075] The inorganic filler may include aluminum hydroxtde, magnesium hydroxide, calcium cart>onate. magnesium 
20 cartX3nate, calcium silicate, magnesium silicate, calcium oxide, magnesium oxide, alumina powder, aluminum nitride 
powder, aluminum borate whisker. tx>ron nitride powder, crystalline silica artd amorphous silica. 
[0076] In ord^ to improve thermal conductivity, alumina, aluminum nitride, boron nitride, crystalline silica and amor- 
phous silica are prefenred. 

[i^fr] In particular, alumina is preferred in view of its good heat dissipation properties arxi good thermal resistance 
25 and insulating properties. The crystalline silica or amorphous silrca is inferior to alumina in respect of heat dissipation 
properties, but contains ionic impurities in so small a quantity tiiat it has high insulating properties at the time of PCT 
treabnent, and is preferred in view of less causative of corrosion of copper foil, aluminum wires and aluminum sheets. 
[0078] In order to impart flame retardance. aluminum hydroxide, magnesium hydroxide and antimony trioxide are pre- 
ferred. 

30 [0079] For the purpose of adjusting melt viscosity and imparting thixotropic properties, aluminum hydroxide, magne- 
sium hydroxKle. calcium cartxHiate, magnesium cart>onate. calcium silicate, magnesium silicate, calcium oxide, mag- 
nesium oxide, alumina, crystalline silica and amorphous silica are preferred. 

VKSBO] Witii regard to the improvement in surface hardness, short-fiber alumina and aluminum borate whisker are pre- 
ferred. 

35 [0081] The adhesive film of the present inverrtion is obtained by dissolving or dispersing the adhesive components in 
a solvent to prepare a varnish, and coating the varnish on a base film, followed by heating to remove the solvent to form 
an adhesive layer on the base film. As the base film, usable are plastic iWvns such as pdytetraffluoroethylene film, poly- 
ethylene terephthalate film, release-treated polyethylene terephthalate film, polyethylene film, polypropylene film, 
polymethylpentene film and polyimide film. The base film may be peeled when used and only the adhesive film may be 

40 us&i, or the base film may t>e used together and removed later. 

[0IS2] As the plastic films used in the present invention, usable are, e.g., polyimide films such as KAPTON (ti-ade 
name; available from Toray-Du Pont) and APIKAL (ti-ade name; avarlat)le from Kanegafuchi Chemical Industry Co., 
Ltd.), and polyethylene terephthalate films such as LUMIRROR (tirade name; available from Toray-Du Pont) and PUREX 
(trade name; available from Tetjin Limited). 

45 [0083] As the solvent used to make up the varnish, it is prefer^e to use methyl ethyl ketone, acetone, methyl isobutyl 
ketone. 2-ethoxy ethanol, toluene. t>utyl celtosolve, methanol, ethanol, 2-methQxyethanol. or the like, having a relatively 
low boiling pdnt. For the purpose of improving coating properties, a high-boiling solvent may also be added. The high- 
boiling solvent may include dimethylacetamide, dimettiyfformamide. methylpyn-olidone and cydohexanone. 
[OtS4] Taking account of dispersion of the inorganic filler, the varnish may be prepare using an automata mortar, a 

50 three-roll mill or a be^ mill, or using any of these in combination. The filler and low-molecular-weight materials may be 
mixed previously and thereafter high-nrK)iecular-weight materials may be compourxled. whereby the time taken for the 
mixing can be shortened. Also, after the varnish has been prepared. but3t>les in the varnish may preferably be removed 
by vacuum deaeration. 

[00S5] The adhesive varnish may be coated on the base film such as plastic film, fblkiwed by heat drying to remove 
ss the solvent. The adhesive thus obtained is required to be in such a state that its heat has been r^eased 1 0 to 40% 
of ttie total curing calorific value as measured with a DSC. It is heat^ when the solvent is removed, and. during this 
heating, the adhesive composition undergoes curing reaction to gel. The state of curing at this stage influences the flu- 
idity of the adhesive to make adhesion and handling properties favorable. DSC (differential scanning calorimeta'y) 
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employs as a measurement princ^le a zero method in which calorific values are so fed or removed that the temperature 
difference from a standard sample causing neither exothermic nor endothermic changes is always cancelled within the 
range of measurement temperatures, and its measuring instruments are commercially available. The calorific value can 
be measured using any of them. The reaction of the resin composition is exothermic reaction, where the sample reacts 

5 to release heat with a rise of temperature of the sample at a controlled rate of temperature rise. Its calorific value is out- 
putted on a chart, and the area surrounded by an exothermic curve and a t>ase line is determined on the t>asis of the 
base line, and the resultant value Is regarded as the calorific value. It is measured at a rate of temperature rise of 5 to 
ICC/minute from room temperature to 250°C to determine the atx>ve calorific value. These are performed fully auto- 
matically Use of such a system enables the measurement with ease. Then, the calorific value of the adhesive obtained 

10 by coating on the base film followed by drying is determined in the following way First, the total calorific value of an 
uncured sample from which the solvent has been dried off by a vacuum dryer at 25^C is measured, and the value 
obtained is represented by A (J/g). Next, the calorrf ic value of a sample coated with the adhesive and dried is measured, 
and the value obtained is represented by B. Degree of curing C (%) of the sanple (in the state its heat has been 
released completely) is given by the following expression (1). 

IS 

C(%)=s(A -B) X 100/A . (1) 

[0086] The adhesive of the present invention must have storage elastic moduli at ZS^'C of from 20 to 2.000 MPa and 
at 260''C of from 3 to 50 MPa. which are low moduli of elasticity, as measured with a dynamic viscoelastic spectrometer. 

20 The storage elastic modulus is measured in a temperature dependence measuring mode in which a tensile toad is 
applied to an adhesive cured product (an adhesive whose heat has been released by 95 to 100% of the total curing 
calorific value as measured with a DSC) and Hs elasticity is measured at a frequency of 1 0 Hz and a rate of temperature 
rise of 5 to 1 0^'CAninute from ^SO'^C to SOO^'C. An adhesive having a storage elastic modulus at 25**C of more than 2.000 
MPa may cause cracks because of its small effect of relaxing the stress produced at the time of reflowing due to the 

25 difference in coefficient of thernml expansion between the semiconductor chips and the printed-wiring board. On the 
other hand, an adhesive having a storage elastic modulus at 25°C of less than 20 MPa may have poor handling prop- 
erties. Thus, the adhesive may preferably have a storage elastic modulus at 25''C of from 50 to 1.000 MPa. 
[0087] The present invention is characteristic of a low modulus of elasticity at about room tenperature, in the adhesive 
of a system comprised of the epoxy-group-oontaining acrylic copolymer and the epoxy resin. The epoxy-group-oontain- 

30 ing aaylic copolymer has a low modulus of elasticity at about room temperature. Hence, the use of the epoxy-group- 
oontaining acrylic copolymer in a large mixing ratto enables restraint of cracks on account of the effect of relaxing the 
stress produced at the time of reflowing due to the diff^ence in coefficient of thermal expansion between the semicon- 
ductor chips and the printed-wiring board. Also, the epoxy-group-oontaining acrylic copolymer has an excellent reactiv- 
ity with the epoxy resin. Hence, the adhesive cured product can be chemically and physically statue to exhibit superior 

35 performance in moisture resistance tests as typified by PCT treatment. Also, tiie measures as shown below hiave solved 
the problems concerning handling properties of conventional adhesive films, such as low adhesive film strength, low 
flexibility and high tackiness. 

1) The epoxy-group-containing aaylic copolymer as specified in the present invention is used. This can restrain 
40 cracks from occurring at the time of reflowing. 

2) The acrylic copolymer having a large molecular weight is used. This can ensure film strength and flexibility of the 
adhesive film even when the copolymer is added in a small quantity. 

3) The high-molecular-weight resin compatible with the epoxy resin and having a weight-average nrx>lecular weight 
of 30.000 or more is used. This can promise a tow tackiness. 

45 

[0088] Moreover, in the adhesive off the present invention, the epoxy resin and the high-molecular-weight resin are 
well compatit)le with each other to become homogeneous, and the epoxy group contained in the acrylic copolymer 
reacts with them in part, so that the whole inclusive of unreacted epoxy resin cross-tinks to tsecome a gel. and hence it 
restrains fluidity, arxl by no means damages handling properties even when the epoxy resin and so forth are contained 

50 in a large quantity. Also, since the unreacted epoxy resin much remains in the gel. unreacted components ooze out of 
the gel when a pressure is applied. Hence, the adhesion may less decrease even when the whole has gelled. 
[0089] Both the epoxy group contained in the epcxy-group-containing acrylic copolymer and the epoxy resin react 
when the adhesive is dried. Since the epaxy-group-oontaining acrylic copolymer has a large nrwiecular weight and con- 
tains many epoxy groups in one molecular chain, the gelation takes place even when the reaction proceeds a little. Usu- 

55 ally the gelation takes place in the state the heat has been released by 1 0 to 40% of the total OR-ing calorif k: value as 
measured with a DSC, i.e., at the first half stage of the A- or B-stage. Hence, the adhesive stands gelled In such a state 
that it contains unreacted components of the epoxy resin and so forth in a large quantity, and has come to have a greatly 
high melt viscosity compared with an instance where it has not gelled, so that its handling properties are by no means 
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damaged. Also, since the unreacted components ooze out of the gel when a pressure is applied, the adhesion may less 
decrease even when the whole has gelled. Moreover since the adhesive can be formed into a film in the state it con- 
tains unreacted components of the epoxy resin and so forth in a large quantity, the adhesive film has an advantage that 
it can have a long life (useful service life). 

5 [0090] In conventional ^xy resin adhesives. the gelation takes place for the first time at the latter half of the B-stage 
and in the state of C-stage, and they contain unreacted corrponents of the epoxy resin and so forth in a small quantity 
at the stage the gelation has taken place. Hence, they have a tow fluidity and the unreacted components ooze out of 
the gel only in a small quantity even when a pressure is applied, so that they have a low adhesion. 
[0091] Incidentally, the readiness of a reaction of the epoxy group contained in the acrylic copolymer and the epoxy 

10 group of the tow-molecular-welght epoxy resin is unclear, but they may have at least the same level of reactivity. It is not 
required thstt only the epoxy group contained in the acrylic copolymer reacts selectively. 

[0092] In this instance, the A-, B- and C-stages indicate degrees of curing of the adhesive. The A-stage is a state 
where it is substantially uncured and does not still gel. which is a state where its heat has been released by 0 to 20% 
of the total curing calorific value as measured with a DSC. The B-stage is a state where it has cured and gelled a little, 
IS which is a state where its heat has been released k>y 20 to 60% of the total curing calorific value. The C-stage is a state 
where it has cured and gelled considerably, which is a state where its heat has been released by 60 to 1 00% of the total 
curing calorific value. 

[0093] To judge the extent of gelation, the adhesive is immersed in a solvent having a high permeability such as THF 
(tetrahydrofuran), which is then left at 25**C for 20 hours, and thereafter the adhesive standing fully insoluble arKi 

20 swelled is judged to have gelled. In an experimental approach, it is judged in the following way. 

[0094] The adhesive (weight W1) was immersed in THF. which was then left at 25**C for 20 hours, and thereafter its 
insoluble matter was filtered with a nylon ctoth of 200 meshes, and its weight after drying was measured (weight W2). 
THF percent extraction (%) was calculated according to the following expression (2). A sample having a THF percent 
extraction of more than 80% by weight was judged to have not gelled, and a sample having that of not more than 80% 

25 by weight, to have gelled. 

THF percent extraction (% by weight) = (weight W1 - weight W2) x 100/weight W1 (2) 

[0095] In the present invention, the additton of the filler can make the adhesive have a higher melt viscosity and also 

30 exhik>tt thixotropic properties. Hence, it can make the above effect greater. 

[0096] In addition to the above effect it can improve heat dissipation properties of the adhesive, and can endow the 
adhesive with flame retardance, with a proper viscosity at temperature at the time of bonding and also with properties 
to improve surface hardness. A semiconductor device obtained by bonding semiconductor chips to a wiring board with 
the adhesive film of the present invention can be superior in ref low resistance, temperature-cycle resistance, electrolytic 

35 conosion resistance and moisture resistance (PCT resistance). 

[0097] The heat-resistant thermoplastic film used as a core material in the present invention may preferak>ly be a film 
formed of a polymer or liqukl-crystal polymer having a glass transition temperature Tg of 200^0 or cdxive. Polyimide, 
polyether suKbne, polycunide-imide, polyether imide or a totally aromatic polyester may preferably be used. The film 
may preferably be used in a thickness ranging from 5 to 200 ^m. but not limited thereto. Use of a heat-resistant thermo- 

40 plastic film having a Tg below 200<'C is not preferatsle because it may cause plastic deformation at high temperature at 
the time of reflcwing or the like. 

[0098] As to the adhesive applied on tx>th sides of the core material in the present invention, the components of the 
adhesive may be dissolved or dispersed in a solvent to prepare a varnish, and the varnish may be coated on the core 
material heat-resistant thermoplastic film, followed by heating to remove the solvent to form adhesive layers. By forming 

45 the adhesive layers on kxrth skies of the core material heat-resistant thermoplastic film, a doutde-sided adhesive film 
having a triple-layer structure can be obtained. The adhesive on each side may be formed in a thk^kness ranging from 
2 to 1 50 ^m. If formed in a thickness smaller than 2 ^m. the layer may have a poor adhesion or thermal stress relaxation 
effect, its formation in a thickness larger than 150 ^ is not economical, but not limited thereto 
[0099] Alternatively, the components of the adhesive may be dissolved or dispersed in a solvent to prepare a varnish. 

so and the varnish may be coated on a base film, followed by heating to remove the solvent to prepare an adhesive film 
consisting of adhesive components, and this adhesive film consisting of adhesive components may be laminated to 
both sides of the core material heat-resistant thermoplastic film, thus a double-sided adhesive film having a triple-layer 
structure can also be obtained. Here, as the t>ase film used to prepare the adhesive film consisting of adhesive compo- 
nents, usat)le are plastic films such as polytetrafluoroethylene film, polyethylene terephthalate film, release-treated pol- 

55 yethylene terephthalate film, polyethylene film, polypropylene film, pdymethylpentene film and polyimide film. As the 
plastic films, usak>leare. e.g., polyimide films such as KAPTON (tradename; availablefrom Toray-Du Pont) and APIKAL 
(trade name; available from Kanegafuchi Chemical Industry Co.. Ltd..). and polyethylene terephthalate films such as 
LUMIRROR (trade name; available from Toray-Du Pont) and PUREX (trade name; available from Teijih Limited). 
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[01 00] As the solvent used to make up the varnish, it is preferable to use methyl ethyl ketone, acetone, methyl tsobutyl 
ketone. 2-ethoxy ethanol. toluene, txityl celtosolve, methanol, ethanol and 2-methQxyethanol, having a relatively low 
trailing point. For the purpose of improving coating properties, a high-boiling solvent may also be added. The htgh4x>tl- 
ing solvent nnay include dimethylacetamide, dimethylformamide, methytpyrrolidone and cyclohexanone. 
5 [01 01 ] Taking account of diversion of the inorganic filler, the vamlsh may be prepared u^ng an automated mortar, a 
three-roll mill or a bead mill, or using any of these in combination. The filler and low-molecular-weight materials may be 
mixed previously and thereafter high-molecular-weight materials may be compounded, whereby the time taken for the 
mixing can be shortened. Also, after the varnish has been prepared, bubbles in the varnish may preferatily be removed 
by vacuum deaeration. 

10 [0102] The above adhesive can be obtained by coating the adhesive varnish on the core material heat-resistant ther- 
moplastic film or the base film such as plastic film, followed by heat drying to remove the solvent. The adhesive thus 
obtained may preferably be in such a state that its heat has been released by 1 0 to 40% of the total curing calorific value 
as measured with a DSC. It is heated when the solvent is renrtoved, and, during this heating, the adhesive composition 
undergoes curing reaction to gel. The state of curing at tiiis stage influences the fluidity of tiie adhesive to make adhe- 

15 sk)n and handling properties favorable. DSC (differential scanning calorimetry) employs as a measurement pindple a 
zero method in which calorific values are so fed or removed that the temperature difference from a standard sample 
causing neither exothermic nor endothermic changes is always cancelled within the range of measurement tempera- 
tures, and its measuring insti-uments are commercially avallat>le. The calorific value can be measured using any of 
them. The reaction of the resin composition is exothermic reaction, where the sample reacts to release heat with a rise 

20 of temperature of the sample at a controlled rate of temperature rise. Its catorific value is outputted on a chart and the 
area surrounded by an exothermic curve and a base line is determined on the t>asis of the base line, and the resultant 
value is regarded as tiie catorific value. It is measured at a rate of temperature rise of 5 to 1 0^'C/minute from room tem- 
perature to 250''C to determine the akx>ve calorific value. These are performed fully automatically. Use of such a system 
enables the measurement with ease. 

25 [0103] The calorific value of the adhesive obtained by coating on the core material heat-resistant thermoplastic film 
or the k^se film followed by drying is determined in the following way. First, only the adhesive components are taken out 
and the total calorifk: value of an uncured sample from which the solvent has been dried off using a vacuum dryer at 
25^*0 is measured, and the value obtained is represented by A (J/g). Next, the calorific value of a sample coated with 
the adhesive and dried is measured, and the value obtained is represented by B. Degree of curing C (%) of the sample 

30 (in the state its heat has been released completely) is given by the fblkiwing expression (1). 

C{%) = (A-B) X 100/A (1) 

[0104] The adhesive component of the present invention may preferably have storage elastic moduli at 25*C of from 
35 20 to 2,000 MPa and at 260''C of from 3 to 50 MPa. which are low moduli of elasticity, as measured with a dynamic vis- 
coelastic spectrometer. The storage elastic modulus is measured in a temperature dependence measuring mode in 
whk:h a tensile load is applied to an adhesive cured product and its elasticity is measured at a frequency of 10 Hz and 
a rate of temperature rise of 5 to lO^'C/minute from -SO'^C to SOO^'C. An adhesive having a storage elastic modulus at 
25''C of more than 2.000 MPa may cause cracks because of its small effect of relaxing the stress produced at tiie time 
40 of ref lowing due to the difference In coefficient of thermal expansion between the semiconductor chips and the prints- 
wiring board. On the other hand, an adhesive having a storage elastic modulus at 25''C of less than 20 MPa may have 
poor handling properties. 

[0105] The present invention is characterized in that the triple-layer structure making use of the heat-resistant ther- 
moplastic film as a core material makes it easy to handle the adhesive film in spite of a difficulty because of a low mod- 

45 ulus of elasticity at about room temperature in the adhesive of a system comprised of the epoxy^roijqd-containing 
acryKc copolymer and tiie epoxy resin. More specifically, the triple-laya- structure of the present invention can make it 
easy to automate operations for registration of the adhesive film having no rigidity at about room temperature, and also 
to exhibit a superior thermal stress relaxation effect of the present adhesive system. In the present invention, the meas- 
ures as shown below have solved the prdt^lems concerning handling properties of conventional adhesive films with a 

50 low modulus of elasticity, causS by low rigidity arKi so forth. 

1 ) The ti'iple-layer structure provided with the heat-resistant thermoplastic film as a core material is employed. This 
makes it easy to handle the adhesh^e film having a tow modulus of elasticity. 

2) The heat-resistant tiiermoplastic film as specified in the present invention is used which serves as the core mate- 
55 rial. This can restrain the adhesive film from undergoing plastic deformation at tiie time of reflowing. 

[01 OS] Moreover, in the present invention, the epoxy resin and the high-molecular-weight resin are well compatit>ie 
witti each ottier to become homogeneous, and the epoxy group contained in the acrylic copolymer reacts with tiiem in 
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part, so that the whole inclusive of unreacted epoxy resin cross-links to become a gel, hence it restrains fluidity, and by 
no means damages handling properties even when the epoxy resin and so forth are contained in a large quantity. Also, 
since the unreacted ^30xy resin much remains in the gel. unreacted components ooze out of the gel when a pressure 
is applied. Hence, the adhesion may less decrease even when the whole has gelled. 

5 [0107] Both the ^xy group contained in the ^oxy-group-containing acrylic copolymer and the epoxy resin react 
when the adhesive is dried. Since the epoxy-group-containing acrylic copolymer has a large molecular weight €md con- 
tains many epoxy groups in one molecular chain, the gelation takes place even when the reactfon proceeds a little. Usu- 
ally, the gelation takes place in the state the has been released by 10 to 40% of the total curing calorific value as 
measure with a DSC. i.e.. at the first half stage of the A- or B-stage. Hence, the adhesive stands gelled in such a state 

10 that it contains unreacted components of the ^X)xy resin and so forth in a large quantity, and has come to have a greatly 
high melt viscosity compared with an instance where it has not gelled, so that its handling properties are by no means 
damaged. Also, since the unreacted components ooze out of the gel when a pressure is applied, the adhesion may less 
decrease even when the whole has gelled. Moreover, since the adhesive can be form^ into a film in the state it con- 
tains unreacted components of the epoxy resin and so forth In a large quantity, the adhesive film has an advantage that 

IS it can have a long life (iseful service life). 

[0108] In conventional epoxy resin adhesives, the gelation takes place for the first time at the latter half of the B-stage 
arKi in the state of C-stage, and they contain unreact^ components of the epoxy resin and so forth in a small quantity 
at the stage the gelation has taken place. Hence, they have a low fluidity and the unreacted components ooze out of 
the gel only in a small quantity even when a pressure is applied, so that they have a low adhesion. 

20 [0109] Incidentally, the readiness of a reaction of the epoxy group contained in the acrylic copolymer and the epoxy 
group of the low-molecular-weight epoxy resin is unclear, but they may have at least the same level of reactivity. It is not 
required that only the epoxy group contained in the acrylic copolymer reads selectively. 

[0110] In this instance, the A-. B- and C-stages indicate degrees of curing of the adhesive. The A-stage is a state 
where it is sii^stantiatly uncured and does not still gel, which is a state where its heat has been released by 0 to 20% 
25 of the total curing catorif ic value as measured with a DSC. The B-stage is a state where it has cured and gelled a little, 
which is a state where its heat has been released by 20 to 60% of the total curing calorific value. The C-stage is a state 
where it has cured an6 gelled considerably, which is a state where its heat has been released by 60 to 1 00% of the total 
curing ccdorif ic value. 

[01 1 1] To judge the extent of gelation, the adhesive is immersed in a solvent having a high permeability such as THF 
30 (tetrahydrofuran), which is then left at 25^0 for 20 hours, and thereafter the adhesive standing fully insoluble and 
swelled is judged to have gelled. In an experimental approach, it is judged in the following way 
[0112] The adhesive (weight W1) was immersed in THF. which was then left at 25''C for 20 hours, and thereafter its 
insoluble matter was filtered with a nylon cloth of 200 meshes, and its weight after drying was measured (weight W2). 
THF percent extraction (%) was calculated according to the following expression (2). A sample having a THF percent 
35 extraction of more than 80% by weight was judged to have not gelled, and a sample having that of not more than 80% 
by weight, to have gelled. 

THF percent extraction (% by weight) = (weight W1 - weight W2) x 100/weight W1 (2) 

40 [Oil 3] In the present invention, the addition of the filler can make the adhesive have a higher melt viscosity and also 
exhibit thixotropic properties. Hence, it can make the above effect greater. 

[01 14] In addition to the at>ove effect, it can improve heat dissipation properties of the adhesive, and can endow the 
. adhesive with flame retardance. with a proper viscosity at temperature at the time of bonding artd also with properties 
to improve surface hardness. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0115] 

so Fig. 1 A is a cross-sectional view of a single-layer thermosetting adhesive film according to the present invention, 
and Fig. 1 B is a cross-sectional view of a triple-layer adhesive film according to the present invention. 
Fig. 2 is a cross-sectional view of a semiconductor mounting substrate comprising an organic wiring substrate to 
which an adhesive member has been thermocompressfon-tjonded. 

Fig. 3 is a cross-sectional view of a semiconductor mounting substrate comprising an organic wiring substrate to 
55 which an adhesive memt>er has been thermocompression-bonded. 

Fig. 4 is a cross-sectional view of the semiconductor device of the present invention. 

Fig. 5 is a cross-sectional view of another example of the semiconductor device of the present invention. 

Rg. 6 is a cross-sectional view showing production steps for a semiconductor mounting substrate and a semicon- 
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ductor device according to an Example. 

Fig. 7 is a cross-sectional view showing production steps for a semiconductor mounting substrate and a semicon- 
ductor device according to another Example. 

Fig. 8 is a cross-sectional view of another example of the semiconductor device of the present invention. 

5 

BEST MODES FOR PRACTICING THE INVENTION 

[0116] Examples of the present Invention will be described below with reference to the drawings. 
10 < Example 1 ) 

[0117] Fig. 1 A is a cross-sectional view of a single-layer thermosetting adhesive film, which consists of a thermoset- 
ting adhesive 1 having as a cured product thereof a modulus of elasticity at 25*^0 in the range of from 1 0 to 2,000 MPa 
and a modulus of elasticity at 260^*0 prescribed in the range of from 3 to 50 MPa as measured witii a dynamic viscoe- 
IS lastic spectronrieter artd being in such a senrd-cured state that its heat has been releasoJ tjy 1 0 to 40% of the total curing 
calorific value as measured witii a DSC (differential scanning calorimeter). An epoxy-group-containing acrylic copoly- 
mer film having been dried to have not more than 2% of a solvent remaining was used as the thermosetting adhesive 
film. 

[01 18] Fig. 1 B illustrates a cross section of a triple-layer adhesive film comprising a polyimide film 2 on tioth sides of 
20 which the thermosetting adhesive 1 has been coated. In this example. UP ILEX (trade name) of 50 pni tiiick. availat)le 
from Ube Industries, Ltd., was used as the polyimide film. 

[01 19] Fig. 2 is a cross-sectional view of a semiconductor mounting substrate comprising an organic wiring substrate 
4 to which an adhesive member 3 has been thermocompression-bonded, which is suited for connecting semiconductor 
terminals and wiring board side terminals by wire bonding. Fig. 3 is a cross-sectional view of a semiconductor mounting 

26 sut>strate comprising a tape-like wiring substrate 5 to which an adhesive member 3 has been thermocompression- 
bonded, which is suited for connecting semiconductor terminals artd wiring board side terminals by TAB inner bonding. 
[0120] Rg. 4 is a cross-sectional view of a semiconductor device comprising the semiconductor mounting substrate 
shown in Fig. 2 and on which a chip 6 has k>een face-up bonded, and semiconductor terminals and wiring board side 
terminals have been bonded by wire bonding through wires 7 and encapsulated with an encapsulating nfiaterial. Fig. 5 

30 is a cross-sectional view of a semiconductor device comprising the semiconductor mounting substrate shown In Fig. 3 
and on which a chip 6 has been face-down bonded and thereafter semiconductor terminals and wiring board side ter- 
minals have been bonded by TAB inner tx>nding and encapsulated with a liquid encapsulating material 8 at the perim- 
eters of the chip 6. Wiring 9 may also be formed as shown in Rg. 8, i.e., on the skie opposite to the semiconductor chip 
nfX)unting side of the sut^trate. In this instance, external connecting terminals 1 2 are formed on the surface of the wiring 

35 9 formed on the side opposite to tiie semiconductor chip mounting side. Also, unoovered areas of tiie wiring 9 are cov- 
ered with resists 11. 

[0121] Production steps for a semiconductor mounting substrate and a semiconductor device are shown in Rg. 6. 
[0122] A thermosetting adhesive film (tape) (adhesive member) 3 constituted of a thermosetting adhesive 1 having 
as a cured product thereof a modulus of elasticity at 25''C in tiie range of from 10 to 2.000 MPa and a modulus of elas- 
40 ticrty at ZBO'^C prescribed in the range of from 3 to 50 MPa as measured with a dynamic viscoelastic ^ectrometer and 
being in such a semi -cured state that its heat has been released by 10 to 40% of the total curing calorific value as meas- 
ured with a DSC, is cut in a prescribed size by means off a press cutter (Fig. 6A). 

[0123] The thermosetting adhesive film (tape) 3 thus cut is positioned precisely on the top surface of a polyimide film 
substrate (organic wiring substrate) 4 having been provided with sin^e-layer Cu wiring and in which through-holes for 
45 external solder terminals have been formed, and thereafter thermoconpression-bortded by hot pressing to obtain a 
semiconductor mounting substrate (Fig. 6B). 

[0124] In this example, the cutting of the tiiermosetting adhesive film into film pieces and the mounting and provisional 
fixing of them to the polyimide film sut>strate under precise positioning were carried out individually for each piece, and 
thereafter the thermosetting adhesive film pieces thus mounted were main-t>ond6d at one time by hot pressing to dbtain 

so a seven-series framed semiconductor nrK)unting substrate. Also, in this example, the step of static elimination to elimi- 
nate static electricity by blowing electi-ically charged air was carried out before the step of cutting the thermosetting 
adhesive film 3 to prevent the electrically charged insulating film from sticking to a jig during the cutting step. The hot 
press was also release-surface-treated with Teflon or silicon on its top force going to come into contact with tiie thermo- 
setting adhesive film 3. in order to prevent the thermosetting adhesive film from sticking to the top force. On the multi- 

55 series semiconductor-mounting framed substiBte tiius obtained, a semiconductor chip 6 was face-up mounted under 
precise positioning, followed by pressing and bonding by hot pressing to carry out a chip-mounting step. In this exam- 
ple, the heating temperature on the semiconductor chip side was set higher than that of the semiconductor mounting 
substrate side at least, and the heat and pressure were applied on botii sides. 
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[01 2q Thereafter, the step of wire-t>onding the terminals on the semiconductor chip side to the terminals on the sub- 
strate side with gold wires (Fig. 6C), the step of encapsulating them by transfer molding with an epoxy type encapsulat- 
ing material (Fig. 6D) and the step of forming solder balls by mounting solder balls, followed by reflowing to form 
external terminals 9, are candied out to obtain a semiconductor device according to the present invention (Fig. 6E). A 
5 biphenyl type epoxy encapsulating material CEL-9200 (trade name), available from Hitachi Chemical Co.. Ltd.. was 
used as the encapsulating material 8. 

< Comparative Example 1 > 

10 [0126] On the top surface of a polyimide film wiring sut>strate having been provided with single-layer Cu wiring artd in 
which through-holes for external solder terminals have been formed (the same one as that used in Example 11). an 
insulating liquid ^hesive composed chiefly of epoxy resin and having as a cured product thereof a modulus of elasticity 
at 25°C of 3,000 MPa as measured with a DMA (dynamic viscoelastic ^ectrometer) was coated dropwise using a die 
tx>nding machine, and a semiconductor chip was mounted thereon under precise positioning. Then, after a prescribed 

IS curing time in a clean oven, the same wire-borKling step, encapsulating step and solder t>all forming step as those in 
Example 1 were carried out to obtain a semiconductor device. 

< Comparative Example 2> 

20 [0127] On the same sut)strate as that used in Exanple 1 , an insulating liquid adhesive composed chiefly of silicon 
resin and having as a cured product thereof a modulus of elasticity at 25*^0 of 10 MPd and a modulus of elasticity at 
260**C which was too small to be measurable was coated dropwise using a die bonding machine, and a semioonductor 
chip was mounted thereon. Then, the same steps as those in Example 1 were carried out to obtain a semicondLictor 
device. 

25 

(Example 2) 

[0128] Fig. 7 shows production steps for a semiconductor mounting substrate and a semiconductor device. 
[0129] A thernfwsetting acftiesive tape (actfiesive member) 3 constituted of a thermosetting adhesive 1 having as a 
30 cured product thereof a modulus of elasticity at 25''C in the range of from 1 0 to 2.000 MPa and a modulus of elasticity 
at 260°C prescribed in the range of from 3 to 50 MPa as measured with a dynamic viscoelastic spectrometer and being 
in such a semi-cured state that its heat has been released by 10 to 40% of the total curing calorific value as m^sured 
with a DSC, Is cut Into a prescribed size using a press cutter (Fig. 7A). 

[0130] The thermosetting adhesive tape 3 thus cut is positioned precisely on the top surface of a polyimide film sub- 
35 strata 5 having been provided wHh single-layer Cu wiring and in which inner leads like those of a TAB tape arrd through- 
holes for external solder terminals have been formed, and thereafter thermooompression-txinded by hot pressing to 
obtain a semicorKluctor mounting substrate (Fig. 7B). 

[0131] In this example, the step of removing static electricity before the cutting step and the step of release surface 
treatment on the top force surface of the hot press as described in Example 1 were repeated to obtain a multi-series 

40 semiconductor-mounting framed sut>strate. 

[01 32] Thereafter, on the semiconductor-mounting framed substrate, a semioonductor chip 6 was face-down mounts 
successively under precise positioning, followed by thermocompr^sion bonding by hot pressing (Fig. 7C). Thereafter, 
substrate-side terminals Cu inner leads 10 were connected individually to chip-side terminals using a TAB Inner lead 
bonder (in this example, a stngle-ppint bonder) to carry out inner-lead bonding (Fig. 7D). Thereafter, the chip perimeter 

45 and the top surface of the polyimide film sut>strate 5 were coated with an epoxy type liquid encapsulating material 8 
using a dispenser (Fig. 7E). follow^ by heating and curing for a prescribed time to ot>taln a semiconductor device (Fig. 
7F). In this example, as the Inner leads a Cu material provide thereon with Sn plating was used, and as the semicon^ 
ductor terminals a material having Au-plated bumps formed was used, and these were connected by Au/Sn joining. 

so { Comparative Example 3 > 

[01 33] On the top surlace of the same polyimide film wiring suk>strate as ttiat In Example 2, having t>een provided with 
single-layer Cu wiring and in which inner leacte of a TAB tape and through-holes for external solder terminals have been 
fbrm»J, an insulating liquid adhesive composed chiefly of epoxy resin and having as a cured product thereof a modulus 
55 of elasticity at 25''C of 3.000 MPa as measure with a DMA was coated dropwise using a die bonding machine, and a 
semiconductor chip was nwunted thereon under precise positioning. However, the resin flowed up to the inner bonding 
areas to make the sut)s«:|uent inner bonding Impossible, but In that state the chip perimeters were encapsulated with 
a liquid encapsulating material, and solder balls were formed to obtain a comparative product 
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< Comparative Example 4) 

[01 34] On the top surface of the same polyimide film wiring substrate as that in Example 2. having been provided with 
single-layer Cu wiring and in which inner leads of a TAB tape and through-holes for external solder terminals have been 

5 formed, an insulating liquid adhesive composed chiefly of silicon r^in and having as a cured product thereof a modulus 
of elasticity at 25^*0 of 10 MPa and a modulus of elasticity at 260^0 which was too small to be measurable was coated 
dropwise using a die bonding machine, and a semiconductor chip was mounted thereon in the same manner as in 
Example 2. However, the resin flowed up to the inner bonding areas to make the subsequent inner borxJing impossitsle. 
but in that state the chip perimeters were encapsulated with a liquid encapsulating material composed chiefly of epoxy 

10 resin, and solder balls were formed to Obtain a comparative product. 

( Comparative Example 5> 

[0135] An insulating liquid adhesive composed chiefly of silicon resin and having as a cured product thereof a mod- 
is utus of elasticity at 25''C of 10 MPa and a modulus of elastidty at 260''C which was too small to be measurable was 
casted on a Teflon sheet, followed by heating at a prescribed temperature for a prescribed time to effect curing to obtain 
a low-elasticity film. On both sides of this film, the thernrK)setting adhesive composed chiefly of epoxy resin as described 
in Comparative Exanple 3 was coated, and then thermocompression-bonded by hot pressing to the top surface of the 
same polyimide film substrate as that in Example 2. having been provided with single-layer Cu wiring and in which inner 
20 leads of a TAB tape and through-holes for external solder terminals have been formed. Thereafter, a semiconductor 
chip was face-down mounted, followed by the same inner lead bonding step and encapsulating step as those described 
in Example 2, and solder balls were formed to obtain a semiconductor device. 

[0136] The semiconductor devices d Examples 1 and 2 and Comparative Examples 1 to 5 were put to a moisture- 
absorbed ref low test and also semiconductor devices formed by reflow packaging on FR-4 wiring substrates were put 

25 to a temperature-cycle resistance test to obtain the results as shown in TabUe 1 . The moisture-absorbed reflow test was 
made by carrying out IR ref lowing at a maximum temperature of 240°C before moisture absorption and after moisture 
absorption for 24 hours or 48 hours under conditions of 85^C and 85%RH. where any peeling and cracking in test sam- 
ples were examined using an SAT (Scanning Acoustic Tomograph) to obtain the results shown. The temperature-cycle 
resistance test was made by putting each sample to temperature cycling of from -25*'C (30 minutes, air) to 150"C (30 

30 minutes, air) after packaging on the sii)strate, and thereafter measuring tiie connection resistance of solder balls of 
package external terminals by the fbur-terminai method. Samples showing a resistance of 50 mO or above were 
regarded as detectives. 



Table 1 





Reflow resistance 


Temperature-cycle resistance 




Initial 


85*»C85% 
RH24h 


85*»C85% 
RH48h 


-50«Cto150X 




IR 


•i-IR 


+ IR 


500 cycles 


1,000 cycles 


Example 1 


A 


A 


A 


A 


A 


Comparative 
Example 1 


B 


B 


C 


A 


C 


Comparative 
Example 2 


C 


C 


C 


A 


A 


Example 2 


A 


A 


A 


A 


A 


Conparative 
Example 3 


C 


C 


C 






Comparative 
Example 4 


C 


C 


C 
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Table 1 (continued) 



Reflow resistance 



Tempe-ature-cycle resistance 



Initial 



85*'C85% 
RH24h 



85°C85% 
RH48h 



-50*»C to ISO'C 



IR 



+ IR 



+ IR 



500 cycles 



1 .000 cycles 



Comparative 
Examples 



(Remarks) 
Reflow resistance: 

A: Peeling and voids very little occur at the interfaces between the chips 6 and organic wiring substrate 4 or 5 and the 
thermosetting adhesive 3. and are not detectable by the SAT (Scanning Acoustic Tomograph). 
B: Two or three of ten samples are those in which voids are seen because the thermosetting adhesive 3 does not fill 
the wiring spaces of the organic wiring sid3strate sufficiently when it is coated, and peeling has developed from such 

areas. 

C: Ten of ten samples are those in which the atxsve peeling reaches as far as the outside of the package and swell 
and aacks are seen in the package after reflowing. Seen are those in which the peeling has led to even wire break 
at wire-bonded areas and inner leads. 
Temperature-cyde resistance: 

A: No change in connection resistance at the solder bsA\ oonnectk>n areas. 

C: Even one terminal is present in which connection resistance at the solder ball connection areas is 50 mQ or atx>v< ». 
Inner bonding is impossible and the connection resistance is not measurable. Evaluation impossible. 



(Example 3) 

[0137] To a composition comprising 45 parts by weight of bisphenot-A epoxy resin (epoxy equivalent weight: 200; 
EPIKOTE 828, available from YUka Shell Epoxy K.K. was used) and 15 parts t^ weight of cresol novolak epoxy resin 
(epoxy equivalent weight: 220; ESCN001. available from Sumitomo Chemical Co., Ltd. was used) as the epoxy resin, 
and 40 parts by weight of phenol novolak resin (PLYOPHEN LF2882, available from Dainippon Ink & Chenrticats. Incor- 
porated was used) as the epoxy resin curing agent. 15 parts by weight of phenoxy resin (molecular weight: 50,000; 
PHENOTOHTO YP-50, available from Tohto Kasei Co., Ltd. was used) as the high-molecular-weight resin corripatible 
with the epoxy resin and having a weight-average molecular weight of 30.000 or more, 150 parts by weight of epoxy- 
group-contEuning acrylic rutsber. (molecular weight: 1.000.000; HTR-860P-3, available from Teikoku Kagaku Sangyo 
Co.. Ltd. was used) as the epoxy-group-oontairting acrylic copolymer. 0.5 part by weight of a curing accelerator 1 -cya- 
no6thyl-2i3henylimidazole (CUREZOLE 2PZ-CN) as the curing accelerator and 0.7 part by weight of y-glycidoxypro- 
pyltrimethoxysilane (NUC A-187, avail^e from Nippon linker Co., Ltd. was used) as the silane coupling agent, methyl 
ethyl ketone was added arKf mixed with stinging, fbtkswed by vacuum deaeration. The varnish obtained was coated on a 
release-treated polyethylene terephthalate film of 75 ^m thick, and then dried by heating at 140'*C for 5 minutes to form 
a coating film with a layer thickness of 80 |xm and in the state of B-stage. thus an adhesive film was produced. 
[0138] The degree of curing of the adhesive in this state was measured with a DSC (Model 912 DSC, manufectur^ 
by Du Pont) (rate of temperature rise: lO^C/minute). As the result, the adhesive was found to be in such a state that its 
heat had t>een released by 1 5% of the total curing calorific value. Also, the adhesive (weight W1 ) was immersed in THF. 
which was then left at ZS'^C for 20 hours, thereafter its insolut)le matter was filtered with a nylon doth of 200 meshes, 
and its weight after drying was measured (weight W2). THF percent extraction. (W1 - W2) x 100/W1 . was calculated to 
find that the THF percent extraction was 35% by weight. The storage elastic modulus of a cured product of the adhesive 
was further m^sured with a dynamic vi^x>elastic spectrometer (DVE-V4. manufacture by RHEOLOGY) (sample size: 
200 mm long. 4 mm wide and 80 ^m thick; rate of temperature rise: 5''C/lfTiinute; tensile mode: automatic static loading). 
As the result, it was found to be 360 MPa at 25''C and 4 MPa at 260''C. 



(Example 4) 



[0139] An adhesive film was produced in the same manner as in Example 1 except that the phenoxy resin used in 
Example 3 was replace with acrylonitrile kxjtadiene rutsber containing carboxyl groups (molecular weight: 400.000; 
PNR-1 was use. available from Japan Synthetic Rut^^ Co., Ltd.). The degree of curing of the adhesive in this state 
was measured with the DSC. As the result, the adhesive was found to be in such a state that its heat had been released 
by 20% of the total curing calorifk; value. The THF percent extraction was 35% by weight. The storage elastic modulus 
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of a cured product of the adhesive was further rrteasured with the dynamic viscoetastic spectrometer. As the result, it 
was found to be 300 MPa at 25'>C and 3 MPa at 260<*C. 

(ExanrpteS) 

5 

[0140] An adhesive film was produced in the same manner as in Example 1 t)ut using a varnish prepared by adding 
10 parts by volume of silica to 100 parts by volume of the adhesive solid matter of the adhesive varnish of Example 3 
followed by kneading for 60 minutes using a bead mill. As a result of the measurement with the DSC. the adhesive was 
found to be in such a state that its heat had been released by 15% of the total curing calorific value. The THF percent 
10 extraction was 30% by weight. The storage elastic modulus of a cured product of the adhesive was further measured 
with the dynamic viscoelastic spectrometer. As the result, it was found to be 1.500 MPa at 25*'C and 10 MPa at 260''C. 

( Example 6> 

IS [0141] An adhesive film was produced In the same manner as in Example 1 except that the phenoxy resin used in 
Example 3 was not used. As a result of the measurement with the DSC, the adhesive was found to be in such a state 
that its heat had been released by 15% of the total curing calorific value. The THF percent extraction was 35% by 
weight. The storage elastic modulus of a cured product of the adhesive was further measured with the dynamic viscoe- 
lastic spectrometer. As the result, it was found to be 350 MPa at 25*^0 and 4 MPa at 260''C. 

20 

< Comparative Example 6> 

[01 42] An adhesive film was produced in the same manner as in Example 1 except that the amount of the acr ylonrtrile 
butadiene rubber used in Example 3 was changed from 150 parts by weight to 50 parts by weight. As a result of the 
25 measurement with the DSC, the adhesive was found to be in such a state that its heat had been released by 20% of the 
total curing calorific value. The THF percent extraction was 40% by weight. The storage elastic modulus of a cured 
product of the adhesive was further measured with the dynamic viscoelastic spectrometer. As the result, it was found 
to be 3.000 MPa at 25*'C and 5 MPa at 260*^0. 

30 < Comparative Example 7 ) 

[0143] An adhesive film was produced in the same manner as in Example 1 except that the amount of the epoxy- 
group-containing acrylic rubber used in Example 3 was changed from 150 parts by weight to 400 parts by weight. As a 
result of the measurement with the DSC. the adhesive was found to be in such a state that its heat had been released 
35 by 20% of the total curing calorific value. The THF percent exf action was 30% by weight. The storage elastic modulus 
of a cured product of the adhesive was further measured with the dynamic viscoelastic spectrometer. As tiie result, it 
was found to be 200 MPa at 25'>C and 1 MPa at 2B(yC. 

( Comparative Example 8> 

40 

[0144] An adhesive film was produced in the same manner as in Example 1 except tiiat 150 parts by weight of the 
epoxy-group-containing acrylic rubk)er used in Exanple 3 was replaced witii phenoxy resin (phenoxy resin: 160 parts 
by weight). The total curing calorific value of this adhesive film was 20%. The THF percent extraction was 90% by 
weight. The storage elastic nxxlulus was 3.400 MPa at 25*'C and 3 MPa at 260*'C. 

45 

( Comparative Example 9> 

[0145] An adhesive film was produced in the same nwiner as in Example 1 except tiiat the epoxy-group-containing 
acrylic rut^ber used in Example 3 was replaced with acrylonrtrile butadiene rubber. The total curing calorific value of this 
so adhesive film was 20%. The THF percent extraction was 90% by weight. The storage elastic nroduius was 500 MPa at 
25*»C and 2 MPa at 260*'C. 

[0146] On semiconductor devices produced by using the adhesive films thus obtained, their thermal resistance, elec- 
trolytic oonosion resistance and moisture resistance were examined. As evaluation methods for the tfiermal resistance, 
used were reflow cracking resistance and temperature cyde tests made on semiconductor device samples each pre- 
ss pared by bonding, with the adhesive film, a semiconductor chip to a flexible printed-wiring kx>aiid making use of a 25 ^m 
thick polyimide film as a base material (solder balls were formed on one side). The reflow cracking resistance was eval- 
uated by observing cracks in samples having passed through an IR (infrared) furnace whose temperature was so set 
tiiat tiie sample surface had a maximum temperature of 240*'C and tiiis temperature was kept for 20 seconds, and then 
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left at room temperature to cool, this treatment being repeated. Sanples having caused no cracks were evaluated as 
"good"; and those having caused them, as "poor". The temperatiffe cycle test was made by leaving samples in an 
atmosphere of -SS^'C for 30 minutes and thereafter leaving them In an atmosphere of 125*^0 for 30 minutes, setting this 
process as one cyde. where the number of cycles until k>reak occurred was counted. 

[0147] To evaluate the electrolytic corrosion res^nce, samples were pr^3ared by forming a comb-shaped pattern 

of line/^pace = 75/75 |im on the FR'4 substrate and laminating thereto the adhesive film, and their Insulation resistivity 

was measured after leaving for 1 ,000 hours under conditions of application of DC 6V in 85''C/85%RH. Those showing 

an insulation resistivity of 10 O or above were evaluated as "good"; and those of below 10 a as "poor". 

[0148] The moisture resistance was evaluated by observing any peeling and change in color of the adhesive film after 

semiconductor device samples were treated for 96 hours in a pressure cooker tester (PCT treatment). Samples in 

which neither peeling nor change in color was seen were evaluated as "good"; and those in which peeling or change in 

color was seen, as "poor". 

[0149] The results are shown in Table 2. 
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50 [0150] Ex2miples 3. 4 and 5 all concerns adheslves containing the epoxy resin and curing agent thereof, the high- 
molecular-weight resin compatible with the epoxy resin, the epoxy-group-containing acrylic copolymer and the curing 
accelerator together: and Example 6, an adhesive containing the epoxy resin and curing agent thereof, the epoxy- 
group-containing acrylic copolymer and the curing accelerator together. Thus, th^ show the storage elastic moduli at 
25''C and 260*'C as specified in the present invention. These show good results on reflow cracking resistance, temper- 

ss ature-cyde tests, electrolytic corrosion resistance and PCT resistance. 

[0151] In CompcuBtive Example 6, the epoxy-group-containing acrylic copolymer specified in the present invention is 
in so small a quantity that the adhesive has too high a storage elastic modulus to relax the stress, showing poor results 
on reflow cracking resistance and temperature*cycle tests and having a poor reliability. In Ck>mparative Exarnple 7, the 
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epoxy-group-oontaining acrylic copolymer specified in the present invention is in so large a quantity that the adhesive, 
though having low and good storage elastic nKXluli, ntakes handling properties of the adhesive film poor. In Compara- 
tive Exanpie 8. the epoxy-group-containing acrylic copolymer specified in the present invention is not contained in com> 
position, thus the adhesive has so high a storage elastic modulus that rt can not relax the stress like that in Comparative 
Example 1 . showing poor results on the ref low cracking resistance and temperature-cyde tests. In Comparative Exam- 
ple 9. the epoxy-group-containing acrylic copolymer specified in the present invention is not contained and other rukiber 
component is contained, showing a low storage elastic modulus at 25'*C but resulting in a poor electrolytic corrosion 
resistance. 

10 (Example 7 > 

[0152] To a composition comprising 45 parts by weight of bisphenol-A epoxy resin (epoxy equivalent weight: 200: 
EPIKOTE 828, available from Yuka Shell Epoxy K.K. was used) and 15 parts weight of cresol novolak epoxy resin 
(epoxy equivalent weight: 220; ESCN001 , available from Sumitomo Chemical Ca, Ltd. was used) as the epoxy resin. 
IS and 40 parts by weight of phenol novolak resin (PLVOPHEN LF2882, available from Dainippon Ink & Chemicals. Incor- 
porated was used) as the epoxy resin curing agent. 15 parts by weight of phenoxy resin (molecular weight: 50,000; 
PHENOTOHTO YP-50, available from Tohto Kasei Co.. Ltd. was used) as the high-nfK3lecular-weight resin compatible 
with the epoxy resin and having a weight-average molecular weight of 30.000 or more. 150 parts by weight of epoxy- 
group-containing acrylic ruljber (molecular weight: 1,000,000; HTR-860P-3. available from Teikoku Kagaku Sangyo 
20 Co., Ltd. was used) as the epoxy-group-oontaining acrylic copolymer. 0.5 part by weight of a curing accelerator 1-cya- 
noethyl-2-phenylimidazole (CUREZOLE 2PZ-ChQ as the curing accelerator and 0.7 part by weight of r-glyckJoxypro- 
pyttrimethoxysilane (NUC A-187, available from Nippon Unicar Co., Ltd. was used) as the silane coupling agent, methyl 
ethyl ketone was added and mixed with stirring, followed by vacuum deaeration. The varnish obtained was coated on a 
plasma-treated poiyimide film of 50 ^m thick, arxj then dried by heating at 130°C for 5 minutes to form a coating film 
25 with a layer thk^kness of 50 ^ and in the state of B-stage, thus a single-sided adhesive fOm was produced. Next, the 
same varnish as the above was coated on the poiyimide film of this single-sided adhesive film on its side where the 
adhesive is not coated, arKi then dried by heating at 140'*C for 5 minutes to form a coating film with a layer thickness of 
50 \im and in the state of B-stage, thus a dout>le-sided adhesive film having a triple-layer structure was produced. 
[01 53] The degree of curing of the adhesive component of the adhesive film in this state was measured with a DSC 
30 (Model 912 DSC. manufactured by Du Pont) (rate of temperature rise: 10**C/ininute). As the result, the adhesive com- 
ponent was found to k>e in such a state that its heat had been released by 15% of the total curing cak>rific value. Also, 
the adhesive (weight W1) was immersed In THF, which was then left at 25°C for 20 hours, thereafter its insoluble matter 
was filtered with a nylon doth of 200 meshes, and Its weight after drying was measured (weight W2). THF percent 
extraction, (W1 - W2) x 1 00/W1 , was calculated to find that the THF percent extraction was 35% by weight. The storage 
35 elastic modulus of a cured product of the adhesive was further measured with a dynamic visooelastic spectrometer. As 
the result, it was found to be 360 MPa at 25X and 4 MPa at 260»C. 

(Examples) 

[01 54] A double-sided adhesive film of triple-layer structure was produced in the same manner as in Example 1 except 
that the phenoxy resin used in Example 7 was replaced with acrylonitrile butadiene rutiber containing cartxsxyt groups 
(molecular weight: 400.000; PNR-1 . available from Japan Synthetic Rubber Co., Ltd. was used). The degree of curing 
of the adhesive component of the adhesive film in this state was measured with the DSC. As the result, the adhesive 
component was found to be in such a state that its heat had been released by 20% of the total curing caforific value. 
The THF percent extraction was 35% by weight. The storage elastk; modulus of a cured product of the adhesive was 
further measured with the dynanrtic viscoelastic spectrometer. As the result it was found to be 300 MPa at 25*'C and 3 
MPaat26a'C. 

(Example 9) 

[0155] The adhesive varnish as used in Example 7 was coated on a polyethylene terephthalate film of 50 ^m thick, 
and then dried by heating at 140*'C for 5 minutes to form a coating film with a layer thickness of 50 ^m and in the state 
of B-stage, thus an adhesive film to be laminated to a core material heat-resistant thermoplastic film was produced. This 
adhesive film was laminated to both sides of a plasma-treated poiyimide film of 50 ^m thick using a vacuum laminator 
56 urKler lamination conditions of a laminator roll temperature of SO^'C, a feed rate of 0.2 nr^mlnute and a linear pressure 
of 5 kg to produce a double-sided adhesive film of triple-layer structure. 

[01 56] The degree of curing of the adhesive conponent of the adhesive film in this state was measured with a DSC. 
As the result, the adhesive component was found to be in such a state that its heat Kiad been released by 20% of the 
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total curing calorific value. The THF percent extraction was 35% by weight. The storage elastic nrKxlulus of a cured 
product of the adhesive was further measured with the dynamic viscoelastic spectrometer. As the result, it was found 
to be 360 MPa at 25°C and 4 MPa at 26(rc. 

< Conrparative Example 10 > 

[0157] The adhesive vamish as used in Example 7 was coated on a polyethylene terephthalate film of 50 ^rii thick, 
artd then dried by heating at 140''C for 5 minutes to form a coating film with a layer thickness of 75 and in the state 
of B-stage, thus an adhesive film was produced. Using two sheets of this adhesive film, these were laminated under the 
same lamination conditions as in Example 3, thus a double*layer adhesive film was produced. The total curing calorific 
value of the adhesive component of the adhesive film thus obtained was 20%. The THF percent extraction was 35% by 
weight. The storage elastic modulus was 360 MPa at 25*^0 and 4 MPa at 260®C. 

< Comparative Example 1 1 > 

[01 58] A double-sided adhesive film of triple-layer structure vtas produced in the same manner as in Example 1 except 
that the polyimide film used as a core material heat-resistant thernfK>plastic film in Example 7 was replaced with poly- 
propylene film. The total curing calorific value of the adhesive component of this adhesive film was 20%. The THF per- 
cent extraction was 35% by weight. The storage elastic modulus as 360 MPa at 25*^0 and 4 MPa at 260*^0. 

< Comparative Example 12) 

[01 59] A double-sided adhesive film of triple-layer structure was produced in the same manner as in Example 1 except 
that the ^x>xy-group-containing acrylic copolymer used in Example 7 was ref^aced with phenoxy resin (phenoxy resin: 
1 65 parts by weight). The total curing catorif ic value of the adhesive component of this adhesive f ilnri was 20%. The THF 
percent extraction was 90% by weight. The storage elastic nrxxJulus was 3.400 MPa at 25'*C and 3 MPa at 260"C. 

< Comparative Exanple 13) 

[01 60] A dout>le-sided adhesive film of triple-layer structure was produced in the same manner as in Example 1 except 
that the epoxy-group-containing acrylic copolymer used in Example 7 w^ replaced with acrylonrtrile txitadiene rubber. 
The total curing calorific value of the adhesive conrponent of this adhesive film was 20%. The THF percent extraction 
was 90% by weight. The storage elastic modulus was 500 MPa at 25*'C and 2 MPa at 260''C. 

[0161] On the adhesive films thus obtained, their thermal resistance, electrolytic corrosion resistance and moisture 
resistance were examined. As evaluation methods for the thermal resistance, used were reflcw cracking resistance and 
temperature cyde tests made on scmples each prepared ty bonding semiconductor chips to a printed-wiring board 
with the douk)le-sided adhesive film of triple-layer structure. The reflow cracking resistance was evaluated by. observing 
cracks in scumples having passed through an IR furnace whose temperature was so set that the sample surface tiad a 
maximum temperature of 240*'C and this temperature was kept for 20 seconds, and then left at room temperature to 
cool, this treatment being repeated. Samples having caused no cracks were evaluated as "good**: and those having 
caused them, as "poor". The temperature cycle test was made by leaving samples in an atmosphere of -55°C for 30 
minutes and thereafter leaving them in an atmosphere of 1 25''C for 30 minutes, setting this process as one cyde. where 
the number of cycles until break occurred was counted. 

[0162] To evaluate the electrolytic oorrosk>n resistance, samples were prepared by tornrting a comb-shaped pattem 
of line/space = 75/75 ^m on the FR-4 substrate and laminating thereto the adhesive film, and their insulation resistivity 
was measured after leaving for 1 .000 hours under conditions of application of DC 6V in 85<'C/85%RH. Those showing 
an insulation resistivity of 10 n or atx>ve were evaluated as "good": and those of t^elow 10 a as "poor". 
[01 63] The moisture resistance was evaluated by ot^serving any peelir^ and change in color of the adhesive film after 
the thermal resistance evaluation samples were treated for 96 hours in a pressure cooker tester (PCT treatment). Sam- 
ples in which neither peeling nor change in color was seen were evaluated as "good"; and those in which peeling or 
change in color was seen, as "poor". 
[0164] The results are shown in Tat)le 3. 
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[0165] Examples 7, 8 and 9 all concerns double-sided adhesive film of triple-layer structure making use of the heat- 
resistant thermoplastic film as a core materisU and containing as adhesive components the epoxy resin and curing 
agent thereof, the high-mdecular-weight resin compatible with the epoxy resin and the epoxy-group-oontaining aaylic 
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cx^lymer together. Thus, they shc3w the storage elastic moduli at 25''C and 260''C as specified in the present invention. 
These have good handling properties and show good results on refflow aaddng resistance, temperature-cycle tests, 
electrolytic corrosion resistance and PCT resistance. 

[0166] In Conrparative Example 10, the adhesive film is not the dout)le-sid^ adhesive film of triple-layer structure 
5 making use of the heat-resistarn thermoplastic film as a core material, and hence have jpoof har^jling properties. In 
Comparative Example 11 , the polypropylene film, having a poor thermal reastanoe. is used as the core material, and 
hence show poor results on reflow cracking resistance and temperature-cyde tests. In Ck>mparative Exanple 12, the 
epoxy-group-containing acrylic copolymer ^ecified in the present invention is not contained in composition, thus the 
adhesive shows a higher value than the specified storage elastic modulus at 25''C. showing poor results on reftow 
10 craddng resistance arxJ temperature-cycle tests. In Comparative Exanrple 13, the epoxy-group-containing acrylic 
copolymer specified in the present invention is not contained but the storage elastic modulus at 2S**C is adjusted to the 
one specified in the present invention, showing poor results on electrolytic corrosion resistance and PCT resistance. 

POSSIBILITY OF INDUSTRIAL APPLICATION 

IS 

[0167] The present invention makes it possible to produce semiconductor packages having superior moisture- 
absorbed reflow resistance and also having temperature-cycle re^stance in the state they are moimted on mother 
boards. 

[0168] The adhesive and adhesive film of the present invention have a low modulus of elasticity at atxxjt room tem- 

20 perature, and hence can relax thermal stress produced at the time of heating and cooling because of a difference in 
coefficient of thermal expansion when serniconductor chips are mounted on rigid printed-wiring boards and flexible 
printed-wiring board as typified by glass epoxy sut^strates and polyimide 8ut)8trates. Hence, they can be free from 
occurrence of cracks at the time of reflowing and have superior thermal resistance. Also, they contain the ^30xy-group- 
containing acrylic copolymer as a component providing a low modulus of elasticity, and can provide adhesive materials 

25 that have superior features for electrolytic con-osion resistance and moisture resistance, in particular, may cause less 
deterioration when moisture resistance is tested under severe conditions such as PCT treatment. 
[01 69] The doukde-sided adhesive film of triple-layer structure of the present invention, making use of the heat-resist- 
ant thermoplastic film as a core material, although its adhesive layer has a low modulus of elasticity at about room tem- 
perature, has superior handling properties and also can relax thermal stress produced eX the time of heating and 

30 cooling k>ecause of a differerrce in coefficient of thermal expansion when semiconductor chips are packaged on rigid 
printed-wiring boards and flexible printed-wiring board as typified by glass epoxy suksstrates and polyimide 8ut>strates. 
Hence, it can be free from occurrence of cracks at the time of reflowing and have superior thermal resistance. Also, it 
corrtains the epoxy-group-containing acrylic copolymer as a component providing a low modulus of elasticity, and can 
provide adhesive materials that have superior features for electrolytic corrosion resistance and moisture resistance, in 

35 particular, may cause less deterioration when moisture resistance is tested under severe cor«litk>ns such as PCT treat- 
ment. 

[01 70] The semiconductor package in which external terminals are arranged in area array on the t>ack of the substrate 
is especially suited when mounted in portak)le instrunnents or PDA-purpose compact electronic instruments. 

40 Claims 

1. A semiconductor device comprising an organic supporting substrate arKi a semioorKluctor chip mounted on the 
substrate via an adhesive member; 

45 wiring being formed on said organic supporting substrate on at least one of the skte on whkdi the semiconduc- 

tor chip is nxHjnted and the side opposite to the side on which the semiconductor chip is mounted; 
external connecting terminals being formed in area array on said organk: supporting sut)strate on another side 
c^^posite to the side on which the semiconductor chip is mounted; 

said wiring being connected with semiconductor chip terminals and the extemal connecting terminals; 
so at least areas where the semiconductor chip terminals and the wiring are connected being encapsulated with 

a resin; and 

said adhesive member having a layer of an adhesive; 

said adhesive having a storage elastic modulus at 25°C of from 1 0 to 2.000 MPa and a storage elastic modulus 
at 260^0 of from 3 to 50 MPa as measured with a dynamic viscoelastic spectrometer. 

55 

2. The semiconductor devrce according to claim 1 , wherein saki wiring is connected to the semiconductor chip termi- 
nals by wire bonding or directiy. 
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3. The semiconductor device according to claim 1 or 2. wherein said adhesive member is in a form of film. 

4. The semiconductor device according to any one of claims 1 to 3. wherein said adhesive has a resin component 
comprising an epoxy resin, an epoxy-group-containtng aayiic copolymer, an epoxy resin curing agent and an 
epoxy resin curing accelerator. 

5. The semiconductor device according to any one of claims 1 to 4, wherein said adhesive memk>er has a structure 
wherein adhesive layers are formed on both sides of a core material. 

6. The semiconductor device according to claim 5. wherein said core material is a heat-resistant thermoplastic film. 

7. The semiconductor device according to daim 6, wherein said heat-resistant thermoplastic film has a glass transi- 
tion temperature of 200*'C or above. 

8. The semiconductor device according to daim 7. wherein said heat-resistant thermoplastic film having a glass tran- 
sition temperature of 200''C or above consists essentially of a polyimide. polyether sutfone, polyamide-imide or pol- 
yether-imide. 

9. , The semiconductor device according to daim 7, wherein said heat-resistant thermoplastic film consists esserrticdiy 
of a liquid-crystal polymer. 

1 0. The semic on ductor device according to any one of daims 1 to 9, wherein said adhesive layer has a residual solvent 
content of not more than 5% by weight. 

1 1 . A substrate for mounting a semiconductor chip comprising an organic substrate on which a semiconductor chip is 
mounted via an adhesive member; 

wiring being formed on said organic supporting substrate on at least one of the side on which the semiconduc- 
tor chip is mounted and the side opposite to the side on which the semiconductor chip is mounted; 
external connecting terminals being formed in area array on said organic sut)8trate on another side opposite 
to the side on which the semiconductor chip is mounted; and 
said adhesive member having a layer of an adhesive; 

said adhesive having as a cured product a storage elastic modulus at 25''C of from 10 to 2,000 MPa and a stor- 
age elastic modulus at 260''C of from 3 to 50 MPa as measured with a dynamic viscoelastic spectrometer; and 
said adhesive member being formed at a presaibed place on the organic substrate in a prescribed size. 

1 2. The sut>strate for mounting a semiconductor chip according to claim 1 1 . wherein said adhesive member is in a form 
of film. 

13. The substrate for mounting a semicorKluctor chip according to any one of claims 11 or 12. wherein said adhesive 
has a resin component comprising an epoxy resin, an epoxy-group-containing acrylic copolymer, an epoxy resin 
curing agent and an epoxy resin curing accelerator. 

14. The substrate for mounting a semiconductor chip according to any one of daims 11 to 13. wherein said adhesive 
member has a structure wherein adhesive layere are formed on both sides of a core material. 

15. The substrate for mounting a semiconductor chip according to claim 14, wfierein said core material is a hsert-resist- 
ant thermoplastic film. 

16. The substrate for nrx)unting a semiconductor chip according to claim 15, wherein said heat-resistant thermoplastic 
film has a glass transition tenr^>erature off 200''C or above. 

1 7. The sut>strate for nwunting a semiconductor chip according to daim 16, wherein said heat-resistant thermoplastic 
film having a glass transition temperature off 200''C or above consists essentially of a polyimide, polyether sutfone. 
polyamide-imide or polyether-imide. 

18. The substrate for mounting a semiconductor chip according to daim 15. wherein said heat-resistant thermoplastic 
film consists essentially of a liquid-crystal polymer. 
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19. The substrate for mounting a semiconductor chip according to any one of clainrs 11 to 18, wherein said adhesive 
layer has a residual solvent content of not more than 5% by weight. 

20. The substrate for mounting a semiconductor chip according to any one of claims 1 1 to 19. wherein said adhesive 
5 member formed at a presaibed place on the organic substrate is a film punched with a punchir^ die into a pre- 
scribed size. 

21 . The substrate for nrxuinting a semiconductor chip according to any one of claims 1 1 to 20, wherein said adhesive 
member formed at a prescribed place on the organic substrate Is a film comprising an adhesive member an adhe- 

10 sive of which is in such a semi-cured state that its heat has been released by 10 to 40% of the total curing calorific 
value as measured with a differential scanning calorimeter, and thermoconpression-bonded to the organic sub- 
strate cut into a prescribed size. 

22. A process for producing a substrate tor mounting a semiconductor chip comprising the step of thermocompression- 
15 bonding to a substrate an adhesive member film cut into a prescrfoed size; 

said suk>strate being an organic sutjstrate on which wiring has been formed on a side for mounting a semiconductor 
chip and external connecting terminals are formed In area array on another side opposite to the side for mounting 
the semiconductor chip, and said adhesive member film being an adhesive member having a layer of an adhesive 
having as a cured product a storage elastic modulus at 25°C of from 10 to 2,000 MPa and a storage elastic modulus 
20 at 260''C of from 3 to 50 MPa as measured with a dynamic viscoelastic spectrometer; said adhesive being in such 
a semi-cured state that its heat has been released by 10 to 40% of the total curing caforific value as measured with 
a differential scanning calorimeter. 

23. The process for producing a sut>strate for mounting a semiconductor chip according to claim 22. wherein said 
25 adhesive memt>er film described in claim 22, cut into film pieces, is positioned prec^ely for each piece, and there- 
after bonded provisionally by hot pressing, and the adhesive member film pieces arranged in pturatity are placed 
on a multi-framed substi-ate comprising tiie organic substrate descrfoed in daim 22, and thereafter pressed by a 
heated release surface-treated mold so as to be one-time kx)nded. 

30 24. The process for producing a sutsstrate for mounting a semiconductor chip according to claim 23, wherein said 
release surface-treated mold comprises a surface release material consisting of at least one of Teflon and silicone. 

25. The process for producing a sut^strate for nrtounting a semiconductor chip according to any one of claims 22 to 24. 
which forther conrprises, before the step of cutting the adhesive member f Om, at least one step which is the step of 

35 static elimination to eliminate static electricity generated at the time of transport of the adhesive member film. 

26. A process for fabricating a semiconductor device comprising the steps of; 

sticking an adhesive ment^er to a substrate for mounting a semiconductor chip; said sut)strate for mounting a 
40 semiconductor chip toeing an organic sut)strate on which wiring has t>een formed on at least one of a side for 

mounting the semiconductor chip and another side opposite to the side for mounting the semiconductor chip 
and external connecting ternninals are formed in area array on said another side opposite to the side for mount- 
ing the semiconductor chip, and said adhesive member having an adhesive layer having as a cured product a 
storage elastic modulus at 25''C of from 1 0 to 2,000 MPa and a storage elastic modulus at 260^0 of from 3 to 
45 50 MPa as measured with a dynamic viscoelastic spectrometer; 

mounting the semiconductor chip via the adhesive member; 

connecting the wiring to semiconductor chip terminals and the external connecting terminals; 
encapsulating witti a resin at least areas where the semiconductor chip terminals and the wiring are con- 
nected. 

so 

27. The process for fabricating a semiconductor device according to claim 26, wherein said semicorxiuctor chip mount- 
ing substrate is heated on bcth sides of tiie bottom side and the semiconductor chip side, and the heating temper- 
ature is made higher at least on the semiconductor chip side. 

55 28. An adhesive comprising; 

(1) 100 parts by weight of an epoxy resin and its curing agent inclusive; and 

(2) from 1 00 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% by 
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weight of glycidyl (meth)acrylate and having a Tg (glass transition temperature) of -10''C or above and a 
weight-average molecular weight of 800.000 or nnore. and (3) from 0.1 to 5 parts by weight of a curing accel- 
erator. 

29. An adh^ve comprising: 

(1) 100 parts by weight of an epoxy resin and its curing agent inclusive; and 

(2) from 10 to 40 parts by weight of a high-molecular-weight resin compatit)le with the epoxy resin and having 
a weight-average molecular weight of 30.000 or more, (3) from 100 to 300 parts by weight of an epoxy-group- 
containing acrylic copolymer containing from 2 to 6% by weight of glycidyl (meth)acrylate and having a Tg 
(glass transition temperature) of -lO^C or above and a weight-average molecular weight of 800,000 or more, 
and (4) from 0.1 to 5 parts by weight of a curing accelerator. 

30. An adhesive comprising; 

(1 ) 1 00 parts by weight of an epoxy resin and a phenol resin inclusive; and 

(2) from 100 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% by 
weight of glycidyl (meth)acrylate and having a Tg of - lO'^C or above and a weight-average molecular weight 
of 800,000 or more, and (3) from 0.1 to 5 parts by weight of a curing accelerator. 

31. An adhesive comprising; 

(1) 100 parts by weight of an epoxy resin and a phenol resin inclusive; and 

(2) from 10 to 40 parts by weight of a phenoxy resin. (3) from 100 to 300 parts by weight of an epoxy-group- 
containing acrylic copolymer containing from 2 to 6% by weight of glycidyl (meth)acrylate and having a Tg of - 
lO^'C or above and a weight-average molecular weight of 800,000 or more, and (4) from 0.1 to 5 parts by 
weight of a curing accelerator. 

32. The adhesive according to any one of claims 27 to 31 , which has been brought into such a state that its heat has 
been released by 10 to 40% of the total curing calorific value as measured with a differential scanning calorimeter. 

33. The adhesive according to any one of claims 27 to 32, which has as a cured product thereof a storage elastic mod- 
ulus at 25*'C of from 1 0 to 2,000 MPa and a storage elastic nrKXtulus at 260*^0 of from 3 to 50 MPa as measured 
with a dynamic viscoelastic spectrometer. 

34. The adhesive according to any one of claims 27 to 32, which further comprises an inorganic filler in an amount of 
from 2 to 20 parts by volume based on 100 parts by volume of the adhesive resin component. 

35. The adhesive according to claim 34, wherein said inorganic filler is alumina. 

36. The adhesive according to claim 34. wherein said inorganic filler is silica. 

37. An adhesive film obtained by forming on a base film the adhesive according to any one of claims 27 to 36. 

38. A semiconductor device comprising a semiconductor cNp and a wiring board which have been sticked with the 
adhesive f Hm according to claim 37. 

39. A double-sided adhesive film of triple-layer structure comprising a heat-resistant therntoplastic film used as a core 
material, and having on both sides of the core material an adhesive comprising; 

(1 ) 1 00 parts by w^ght of an epoxy resin arKi its curing agent inclusive; and 

(2) from 1 00 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% by 
weight of glycidyl (meth)acrytate and having a Tg (glass transition temperature) of -lO'^C or atxive and a 
weight-average nrx>lecular weight of 800,000 or more, and (3) from 0.1 to 5 parts by weight of a curing accel- 
erator. 

40. A doufc)le-sided adhesive film of triple-layer structure comprising a heat-resistant thermoplastic film used as a core 
material, and having on both sides of the core material an adhesive comprising; 
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(1) 100 parts by weight of an epoxy resin and its curing agent inclusive; and 

(2) from 10 to 40 parts by weight of a high-molecular-weight resin compatible with the epoxy resin and having 
a weight-average molecular weight of 30,000 or more. (3) from 100 to 300 parts by weight of an epoxy-group- 
containing acrylic copolymer containing from 2 to 6% by weight of glycidyl (meth)acrylate and having a Tg 
(glass transition tempa^ture) of -lO'^C or above and a weight-average molecular weight of 800,000 or more, 
and (4) from 0. 1 to 5 parts by weight of a curing accelerator. 

41 . A double-sided adhesive film of triple-layer structure comprising a heat-resistant thernrioplastic film used as a core 
material, and having on both sides of the core material an adhesive conrprising; 

(1) 100 parts by weight of an epoxy resin and a phenol resin inclusive; and 

(2) from 1 00 to 300 parts by weight of an epoxy-group-containing acrylic copolymer containing from 2 to 6% by 
weight of glycidyl (meth)acrylate and having a Tg of - lO'^C or above arKi a weight-average molecular weight 
of 800,000 or more, and (3) from 0.1 to 5 parts by weight of a curing accelerator. 

42. A double-sided adhesive film of triple-layer structure cofTY)rising a heat-resistant thermoplastic film used as a core 
material, and having on both sides of the core material an adhesive comprising; 

(1) 100 parts by weight of an epoxy resin and a phenol resin inclusive; and 

(2) from 10 to 40 parts by weight of a phenoxy resin, (3) from 100 to 300 parts by weight of an epoxy-group- 
containing acrylic copolymer containing from 2 to 6% by weight of glyck^ (meth)acrylate and having a Tg of - 
10*^0 or above and a weight-average molecular weight off 800,000 or more, and (4) from 0.1 to 5 parts by 
weight of a curing accelerator. 

43. The double-sided adhesive film of triple-layer structure having the adhesive according to any one of claims 39 to 

42, wherein said adhesive has been brought into such a state that its heat has been released by 10 to 40% of the 
total curing calorific value as measured with a differential scanning calorimeter. 

44. The double-sided ^hesive film of triple-lc^er structure having the adhesive according to any one of claims 39 to 

43, wherein said adhesive has as a cured product thereof a storage elastic modulus at 25°C of from 10 to 2,000 
MPa and a storage elastic nfudulus at 260*'C of from 3 to 50 MPa as measured with a dynamic viscoelastic spec- 
trometer 

45. The double-sided adhesive film of triple-layer structure having the adhesive according to any one of claims 39 to 

44, which further comprises an inorganic filler in an amourit of from 2 to 20 parts by volume based on 1 00 parts by 
volume of the adhesive resin corrponent. 

46. The double-sided adhesive film of triple-layer structure having the adhesive aooording to claim 45, wherein said 
inorganic filler is alumina or silica. 

47. The double-sided adhesive film of triple-layer structure according to any one of claims 39 to 42, wherein said heat- 
resistant thermoplastic film used as a core nnaterial has a glass transition temperature of 200^*0 or above. 

48. The doidsle-sided adhesive film of triple-layer structure according to any one of claims 39 to 42, wherein said heat- 
resistant thermoplastic film used as a core material comprises polyimide, polyether suHbne, polyarrade-imide or 
polyether-imide. 

49. The double-sided adhesive film of triple-layer structure according to any one of claims 39 to 42. wherein said heat- 
resistant thermoplastic film used as a core material comprises a liquid-crystal polymer. 
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